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Abstract 
South Africa contains almost 75% of Africa’s rhino population, and around one-third 
of these rhinos are held on private land. This thesis focuses on the conservation 
contribution and challenges faced by private rhino owners. The work utilises 
historical surveys, a questionnaire of rhino owners and managers, and stakeholder 
interviews to assess the conservation value of private ownership of rhinos. 
Mainstream and social media reports of poaching events were combined with 
landowner reports to provide a database of poaching incidences. The questionnaires 
also provided information regarding the use and effectiveness of anti-poaching 
strategies employed by private rhino owners. Results indicate that private 
landowners have contributed significantly to the increase in numbers of rhinos in 
South Africa. Private rhino owners perceive that they make a valuable contribution to 
conservation, but this view is not always shared by wider stakeholders. Many 
challenges were identified by private owners, notably the continuing increase in 
security expenditure due to poaching. A wide range of anti-poaching strategies is 
employed by private rhino owners, with varying levels of success. Rhinos were more 
likely to be poached at night, under the light of a full moon, but there was no 
evidence of selective poaching with respect to species, sex or age. Private land 
located near to large urban areas, international airports and state or provincial parks 
holding rhinos was found to be most at risk of poaching, but the strength of these 
associations varied across the country. Rhinos were also found to be more at risk in 
areas of high unemployment and low engagement in formal education with Kwa-
Zulu-Natal. There were no other associations found with any socio-economic factors. 
It is imperative that more detailed information relating to poaching of rhinos is 
recorded and released by the South African Government to assist with rhino 
conservation. Strategic deployment of anti-poaching strategies in areas known to be 
poaching hotspots may serve to reduce the impact of rhino poaching across the 
country, as may increased collaboration of private rhino owners with other 
stakeholders. 
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Introduction 
With concerns about the declining effectiveness of state-management of wildlife 
resources (Damania and Hatch, 2005), private landowners are likely to play an 
increasing role in achieving conservation objectives. It is therefore essential to 
understand the drivers behind private engagement in conservation and the 
effectiveness of private sector contributions to conservation. Throughout this work I 
use the definition of Sodhi et al. (2011) who define conservation as “any evidence of 
positive conservation outcomes, such as population increases of endangered 
species following targeted interventions” (pg. 585) and the specific private land 
conservation definition of any land “owned and administered by individuals, 
communities, NGOs, or corporations with a primary goal of protecting, managing 
and/or ensuring the persistence of biodiversity” (Selinske et al., 2015: pg. 282). 
It is known that private lands host a considerable proportion of endangered terrestrial 
species including some which are absent or not appropriately represented within 
designated protected areas (Wilcove et al., 2004). Effective conservation policies 
therefore require contributions from private land (Figgis et al., 2005; Polasky and 
Doremus, 1998). Most land in western countries is privately owned (Bourke, 2011), 
including up to 70% of all land in the USA (Wilcove et al., 2004) and Australia (Figgis 
et al., 2005), but often conservation policies have focused on public land. 
Throughout the 19th century, the focus in France, Germany and the Netherlands 
was on government protection, whilst the UK and USA developed policies to 
encourage private land conservation (Bourke, 2011). This mix of private and state 
protection continued into the 20th century with Australia heavily developing 
conservation policies, for both public and private land, throughout the 1990s (Smith, 
2006) and the USA starting to provide tax incentives and grants for conservation on 
private land (Mir and Dick, 2012). All levels of Australian government now have 
policies in place to enhance conservation on private land from voluntary agreements, 
through contractual agreements to binding covenants on land (Figgis et al., 2005). 
The New Zealand government has specifically recognised the importance of private 
land for conservation (Norton, 2000). Private landowners normally have a desire to 
derive economic gain from their land and so the management policies applied to 
public land may not be exactly replicable on private land (Norton, 2000), but 
collaboration between the public and private sector can mitigate these difficulties. In 
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the Northern Territory, Australia, 43% of land is held by indigenous peoples, with 
management plans in place combining modern science and land management 
techniques with the traditional understanding of ecology (Figgis et al., 2005). In 
South Africa in particular, the circumstances of the country’s development have 
encouraged private conservation areas as a way for the government to absolve itself 
of the financial burden associated with conservation (Maciejewski et al., 2016). 
In southern Africa, private ownership and use of wildlife resources has a long history, 
providing an ideal case study for research into private sector conservation. This 
thesis investigates the role of private ownership in the conservation of both black 
(Diceros bicornis) and white (Ceratotherium simum) rhinoceros (hereafter referred to 
by the more commonly used, shortened, term “rhino(s)”) in South Africa. The variety 
of methods utilised by owners to manage and protect their stock will be discussed 
within the broader perspective of species conservation on private land. Rhinos have 
been chosen as the case study due to their position as charismatic mega-fauna and 
the increasing threat to them due to poaching, which has the potential to reduce the 
conservation value of private sector engagement in rhino protection. This work aims 
to explore the conservation value of private rhino ownership by considering the 
range of properties engaging in such actions and identifying any evidence of a move 
towards intensive management of rhinos on comparatively small areas of land. 
Conservation value is further explored by considering the growth of the private rhino 
industry over the last few decades and by considering the perceptions of both private 
rhino owners and the wider industry in relation to the conservation actions 
undertaken by private rhino owners both currently and in the future. 
Poaching of wild rhino in South Africa is a problem that has grown significantly in the 
last few years. Prior to 2007, rhino poaching was at a very low level, averaging 
fourteen per year from 1990 to 2005 (Milliken and Shaw, 2012), but since then has 
increased to over 1,000 for every year between 2013 and 2017 (DEA, 2019). With 
white rhino currently classified by the International Union for the Conservation of 
Nature and Natural Resources (IUCN) as near threatened (Emslie, 2012a) and black 
rhino classified as critically endangered (Emslie, 2012b), any risks to the populations 
must be carefully monitored. Whilst the poaching of wild animals has been widely 
studied (e.g. Beale at al., 2018; Aziz et al., 2017; Becker et al., 2013; Gandiwa et al., 
2013; Watson et al., 2013; Clements et al., 2010; Messer, 2010; Dobson and Lynes, 
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2008; Jachmann, 2008a; Jachmann, 2008b; Wato et al., 2006; Heltberg, 2001), very 
few studies have focused specifically on rhino (Barichievy et al., 2017; Lunstrum, 
2017; Brook et al., 2014; Cheteni, 2014; Lopes, 2014; Milliken and Shaw, 2012) with 
even fewer (Barichievy et al., 2017; Lunstrum, 2017; Cheteni, 2014; Milliken and 
Shaw, 2012) based in southern Africa. Even those studies that have investigated 
poaching in general and rhino poaching across Africa and Asia have focused their 
attention on state owned national and provincial parks, with very little attention paid 
to the thousands of animals held on privately owned land. It must however be noted, 
that very recently, some researchers have focused their efforts on the conservation 
contribution and challenges faced by private rhino owners in South Africa (Rubino 
and Pienaar, 2018a; Rubino and Pienaar, 2018b; Rubino et al., 2018; Hayward et 
al., 2017; Pienaar et al., 2017; Ververs et al., 2017; Wright et al., 2016). 
In 2008, there were 395 private farms in South Africa that kept rhino (Hall-Martin et 
al., 2009). Primarily these are southern white rhino, Ceratotherium simum simum. 
Recent population surveys suggest that South Africa currently holds 86.48% of all 
white rhino, of which around 45% are privately owned (Emslie et al., 2019). Of the 
37.23% of the global population of black rhino found in South Africa (Emslie et al., 
2019), around 33% are privately owned (Selier, 2019). These privately held animals 
therefore comprise an important part of the rhino population. Increased investment in 
rhinos by private rhino owners (Rubino and Pienaar, 2017) alongside increased 
populations, particularly on expansive areas of land (Rubino et al., 2018) lead to an 
increase in rhino conservation. Private farms incurred approximately 14% of the total 
rhino poaching incidences from 2004 to 2008, despite there being no confirmed rhino 
deaths by poaching on private land prior to 2007 (Hall-Martin et al., 2009). In 2017, 
21.79% of rhinos poached were on private land (Rhino Alive, 2018). The poaching 
risk on private land is therefore increasing, yet what can be done to protect rhinos on 
private land has received little research attention and the real impact of rhino 
poaching on private land is not fully understood. This work explores the temporal and 
spatial factors related to rhino poaching as well as investigating factors which may 
make particular rhinos more likely to be poached than others. The work also looks at 
the range and effectiveness of anti-poaching strategies employed by private rhino 
owners to prevent such events from occurring on their properties. 
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Part of this work focuses on the relationships with local communities, as it has been 
well documented (e.g. Duffy and St. John, 2013; Lindsey et al., 2013; Rentsch and 
Damon, 2013; Kaltenborn et al., 2008; Johannesen and Skonhoft, 2005), that local 
communities are often involved in poaching. How this relates to rhino poaching on 
private land is however currently unknown. As well as exploring the socio-economic 
factors in areas around poaching hotspots which may entice people into rhino 
poaching, the work also considers the relationships between private rhino owners 
and their local communities. 
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Structure of the Thesis 
The majority of this thesis (Chapters 2-5) is presented as scientific papers, with 
necessary crossover in methodology. 
 
Chapter 1 
This chapter outlines the aims of this study and presents a critical review of the 
literature surrounding this topic. Particular focus is given to the history and value of 
private conservation, both worldwide and in South Africa specifically. The review 
follows with a discussion of the status of rhino populations within South Africa, a 
wider discussion of the illegal trade in endangered species, how this demand for 
wildlife products drives poaching, and a review of anti-poaching options utilised to 
combat this issue. The review concludes with a discussion of the role local 
communities can play in conservation, thus widening the potential for private sector 
conservation contributions. Parts of the literature review for this chapter have been 
published: Chapman, L. (2016). The past, present and future of private rhino 
conservation in South Africa. Imprint. The Yorkshire Mammal Group Newsletter, 43, 
9-21. ISSN: 0264-6781 
 
Chapter 2 
This chapter investigates the role of private rhino owners in the growth of southern 
white rhino populations, through the analysis of semi-regular studies conducted with 
these owners through time. Private rhino owners were then questioned to identify the 
range of properties engaging in private rhino ownership and whether they face 
similar challenges in their efforts to conserve rhinos into the future. This chapter also 
includes a small-scale investigation of the anti-poaching efforts deployed by private 
rhino owners and the effectiveness and economic impact of such measures. 
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Chapter 3 
This chapter assesses the opinions of a variety of stakeholders associated with 
private rhino conservation. Their perceptions of private rhino ownership as a 
conservation tool and the associated challenges are investigated. This chapter also 
explores the potential future of rhinos in South Africa and includes a discussion of 
the potential for legal international trade in rhino horn. This chapter has been 
published: Chapman, L. A. and White, P. C. L. (2019). Stakeholder perspectives on 
the value and challenges of private rhinoceros ownership in South Africa. Human 
Dimensions of Wildlife, doi: 10.1080/10871209.2020.1697838 
 
Chapter 4 
This chapter investigates the temporal trends in rhino poaching on private land 
between 2003 and 2017 in an effort to determine when, with regards to specific 
months, days, times and moon phase, it may be most effective for private rhino 
owners to deploy their limited anti-poaching capabilities.  This chapter also 
investigates whether specific categories of rhinos (in relation to their species, sex 
and age) are more at risk of being poached.  
 
Chapter 5 
This chapter identifies hotspots of in rhino poaching on private land between 2003 
and 2017. Particular focus is given to spatial and socio-economic factors which may 
indicate areas where rhinos are more at risk of poaching. This may inform law 
enforcement agency activities in their efforts to deter and apprehend rhino poachers.  
 
Chapter 6 
This chapter concludes the work presented in the rest of the thesis in the wider 
context of private sector contributions to conservation. It includes a summary of the 
findings of this work in light of the initial aims and objectives and an evaluation of the 
methodology used. This is followed by wider discussion of the accuracy of the official 
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poaching statistics, how rhino poaching may change in the future, the wider role of 
private rhino owners in the conservation of rhinos in the future, legal international 
trade in rhino horn  and the role local people can play in rhino conservation in the 
future. It concludes with suggestions for further work that could be carried out to 
further the collective knowledge on both the efficacy of private-sector animal 
conservation and the challenges faced by private rhino owners due to poaching, 
followed by final conclusions and recommendations. 
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Aims and Objectives 
There were two main aims of the research. The first was to assess the conservation 
value of privately-owned rhino populations in South Africa and the challenges private 
rhino owners face. The second was to understand the spatial, temporal and socio-
economic factors that have contributed to the substantial increase in rhino poaching 
that has occurred in the last decade – the major challenge faced by private rhino 
owners. The results of this work may encourage increased collaboration between 
rhino owners and the other stakeholders (notably governments and NGOs) in 
defining a future approach for rhino protection in South Africa. In the short term, the 
results of the second main aim may allow private rhino owners to more effectively 
direct their limited anti-poaching capabilities and may inform law enforcement actions 
in attempts to reduce rhino poaching on private land. 
To achieve these two aims, the following specific objectives are identified: 
1. To identify the role of private rhino owners in the resurgence of the southern 
white rhino from a species numbering less than 50 to one now numbering 
over 18,000. 
2. To explore the range or properties engaging in private rhino conservation. 
3. To explore the range of anti-poaching strategies employed by private rhino 
owners. 
4. To explore the perspectives of different stakeholders involved in private rhino 
ownership. 
5. To identify challenges to private rhino ownership that may impact on owners’ 
decision to continue in their rhino conservation efforts. 
6. To assess trends in rhino poaching on private land across South Africa 
between 2003 and 2017. 
7. To identify hotspots of rhino poaching on private land across South Africa 
between 2003 and 2017 and identify socio-economic and spatial factors which 
may impact on these hotspots. 
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Literature Review 
 
Private protection of public wildlife resources 
Kamal et al. (2015) provide a broad overview of the ways in which private land 
conservation has been encouraged around the world considering both voluntary and 
involuntary strategies. They identify various voluntary strategies, including informal 
private reserves (such as those found in South Africa, Brazil and parts of Central 
America), voluntary but legally binding covenants and easements where the 
landowner will forgo certain activities in return for economic benefits, non-binding 
agreements, and conservation networks, where landowners work together to achieve 
conservation goals and share information and advice. These voluntary agreements 
are described as being directed by the landowners’ desire to become involved in 
conservation work and may involve conservation organisations holding large parcels 
of land. They identify involuntary strategies as “prescriptions or prohibitions by 
government agencies or authorities that provide for minimal participation from 
landowners” (pg. 578) in either management or in decision making, which include 
total acquisition and/or compulsory displacement and imposed regulations. They 
state that whilst it is now rare for these to not include a compensatory aspect, there 
is still often little consultation with the landowner. A summary of conservation on 
private land globally is presented in Table 1.1. 
Table 1.1: Summary of conservation on private land globally 
Region/Country Examples of private land 
conservation 
References 
Global International Organization for 
Standardization (ISO) 1400 
Environmental Management 
certification 
Cashore et al., 2005 
Forest Stewardship Council 
certification 
Cashore et al., 2005 
Africa Botswana Community protected areas  Stone and Stone, 
2011 
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 Kenya Group ranches  Olivier, 2014; Carter 
et al., 2008 
 Private conservancies  Olivier, 2014; Carter 
et al., 2008 
Namibia Game farming Muir-Leresche and 
Nelson, 2000 
South 
Africa 
Biodiversity and Wine Initiative Honig et al., 2015; 
von Hase et al., 
2010 
 Game farming Carruthers, 2008; 
Muir-Leresche and 
Nelson, 2000 
 Provincial Biodiversity 
Stewardship Programmes 
Cumming and 
Daniels, 2014 
Tanzania Payment for ecosystem service 
(PES) 
Ingram et al., 2014 
Zimbabwe Game farming Muir-Leresche and 
Nelson, 2000 
Community lands Duffy, 1997 
Freehold conservancies Jones, 2014 
Asia China Community/private nature 
reserves 
Zhang, 2014 
Payment for ecosystem service 
(PES) 
Zhang, 2014 
Japan National Biodiversity Strategy 
includes private landowners 
IUCN-WCPA, 2011 
Korea National Trust Heo, 2014 
National Nature Trust communal 
sites 
Heo, 2014 
Biodiversity Management 
Contract Program 
IUCN-WCPA, 2011 
Tax breaks for landowners IUCN-WCPA, 2011 
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Australasia Australia Non-binding management 
agreements  
Clough, 2000 
Permanent land covenants  Fitzsimons, 2014; 
Clough, 2000 
Permanent easements  Fitzsimons, 2014; 
Clough, 2000 
Federal Save the Bush 
Programme grants  
Clough, 2000 
Biodiversity Banking/Biobanking Smith, 2006 
New 
Zealand 
Open space covenants Clough, 2000 
Nature Heritage funded areas Clough, 2000 
Europe Finland Private nature reserves Heinonen, 2014 
 Habitat or Species Protection 
Areas 
Heinonen, 2014 
Germany Differential Land Use Tax Clough, 2000 
 Landcover Mitigation Scheme Clough, 2000 
Spain Land Stewardship schemes Fornieles, 2014 
Switzerland Ecological Compensation 
Programme 
Clough, 2000 
United 
Kingdom  
54% of Sites of Special Scientific 
Interest in England are privately 
owned  
Land held by NGOS (e.g. 
National Trust, RSPB) 
National Park system  
Kirby, 2003 
 
Langholz and Krug, 
2004 
 
Kirby, 2003 
North 
America 
Canada Canadian Boreal Forest 
Agreement 
Murray et al., 2015 
Conservation covenants with 
associated tax relief 
Clough, 2000 
Natural Areas Conservation 
Program 
Wilkinson, 2014 
Mexico Voluntary Conservation Use 
Areas 
Bezaury-Creel, 
2014 
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United 
States  
Nature Conservancy 
conservation easements 
Rissman et al., 
2007 
Tax relief in individual states Clough, 2000 
Conservation Reserve Program 
grants 
Clough, 2000 
US Fish and Wildlife Service 
Safe Harbor agreements 
Wilcove et al., 2004 
South 
America 
Brazil Privately-owned Atlantic Forest 
reserves 
Buckley and 
Vasconcellos 
Pegas, 2015 
Legal Reserves Pellin and 
Valladares Pádua, 
2014 
Areas of Permanent Preservation Pellin and 
Valladares Pádua, 
2014 
Forrest/environmental 
easements 
Pellin and 
Valladares Pádua, 
2014 
Private Reserves of Natural 
Heritage 
Pellin and 
Valladares Pádua, 
2014 
Chile Voluntary protected areas Núñez-Ávila, 2014 
Nature Sanctuaries Núñez-Ávila, 2014 
 
In the United States of America, most land is privately owned, but conservation is 
focused on public land, despite half of all threatened species being found exclusively 
on private land and almost all having some distribution on private land (Knight, 
1999). There are however, a variety of schemes in place to encourage private land 
conservation in the US. Conservation easements, set up by the Nature 
Conservancy, are negotiated individually for a variety of purposes including 
contributing to connectivity of areas, protecting endangered species and restoration 
activities (Rissman et al., 2007). Individual states also have their own easement 
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policies in exchange for tax relief (Clough, 2000). Voluntary agreements exist which 
require land owners to sign up to a long-term contract in exchange for grants to 
replace lost income, such as the Conservation Reserve Program (CRP), which has 
ten year contracts (Clough, 2000), US Fish and Wildlife Service (FWS) Safe Harbor 
agreements, where grants are received in order to undertake activities consistent 
with biodiversity protection (Wilcove et al., 2004), and the Conservation Security 
Program (CSP), which pays landowners US$20,000-45,000 annually to sign up to 5-
10 year contracts to adopt and maintain conservation practices on their land 
(Shogren et al., 2003). What defines all of these agreements is that the landowners 
must protect the species. The Endangered Species Act prevents any utilisation of 
the species under its protection (Clough, 2000) and so landowners are not able to 
exploit those resources. It assumes that preventing a species from becoming extinct 
is worthwhile regardless of the cost (Shogren et al., 2003) and so landowners face 
restrictions on their use of their land under this Act, which does not supply 
compensation for such actions (Clough, 2000).  
In Canada, the policies are similar to those in the US. There are programmes 
offering annual payments to cover conservation costs and lost income for 15-21 year 
contracts (Permanent Prairie Cover Restoration Program), conservation covenants 
in exchange for tax relief (Clough, 2000) and the voluntary Canadian Boreal Forest 
Agreement (CBFA), which prevents logging over 29 million hectares of boreal forest 
(Murray et al., 2015). Private land conservation often takes place in forested 
environments, with many governments utilising economic incentives to encourage 
forest landowners to reduce activities that are harmful to the natural environment and 
encourage those which can restore habitats (Mayer and Tikka, 2006). In the US, 
which has a history of deforestation, incentives typically focus on increasing the area 
of forest cover, whilst in Europe, incentives typically focus on specific features of the 
forests related to quality and diversity, rather than just total area (Mayer and Tikka, 
2006). Certification programmes exist to endorse private forest owners for acting in 
an environmentally compatible manner, such as the International Organization for 
Standardization (ISO) 1400 Environmental Management certification, which requires 
voluntary adherence to processes related to wood product production, and Forest 
Stewardship Council (FSC) certification, which is a form of private governance with 
the threat of social action if adherence is not forthcoming (Cashore et al., 2005). As 
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with the specific US examples, these schemes promote protection of habitats for 
species and so do not include rights to utilise the wildlife found within these areas. 
Private conservation has a long history in the United Kingdom, with organisations 
such as the National Trust and the Royal Society for the Protection of Birds (RSPB) 
holding large areas of land (Langholz and Krug, 2004), and most of England’s 
National Park system comprising private lands (Kirby, 2003). Historically, the Nature 
Conservancy Council (now Natural England) designated Sites of Special Scientific 
Interest (SSSIs) for protection. Around 54% of the SSSI woodlands in England are 
privately owned (Kirby, 2003). From 1949 to 1980, SSSI designation did not 
effectively prevent development, until the initiation of the Wildlife and Countryside 
Act 1981, which gave the Nature Conservancy Council more power and provided 
compensatory payments to landowners for lost income (Kirby, 2003). As with the 
North American examples discussed so far, conservation on private land in the UK 
aims to prevent utilisation of rare and threatened species. In some cases UK 
property rights can even create more conservation problems with the preference for 
salmon and trout (Salmo sp. and Oncorhynchus mykiss) fishing leading to the 
deliberate removal of other species, and the popularity of carp (Cyprinus carpio) 
fishing leading to over stocking of these fish, which can be destructive to habitats 
(Clough, 2000). 
Australia has also long considered conservation of wildlife as the responsibility of the 
government, but the role that private lands play is becoming more recognised, with 
each state and territory implementing legislation for private land conservation (Byron 
et al., 2001). Again, there are a variety of schemes in place to encourage private 
land conservation (Clough, 2000), including non-binding management agreements 
(e.g. Land for Wildlife) where management information is provided, permanent 
covenants where landowners are compensated for lost income (e.g. Conservation 
Covenant Programme, Victoria), permanent easements in exchange for one-off 
payments (e.g. Heritage Agreements, South Australia), purchasing of leases in 
exchange for recurring payments (e.g. Conservation Area Scheme, South Australia) 
and grants for biodiversity enhancement work (e.g. Federal Save the Bush 
Programme). Another scheme across the whole of Australia is known as Biodiversity 
Banking (Biobanking); a market-based approach to encouraging development that 
offsets its biodiversity costs through tree planting or other forms of vegetation 
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management (Smith, 2006). Unlike the previous examples, Australia does not 
necessarily prevent the utilisation of the wildlife found on private land (Byron et al., 
2001). Queensland legislation controls the “taking, keeping, use and trade of native 
wildlife by the private sector” (pg. 10), but there is uncertainty about ownership due 
to multiple licensing and permit regulations, whereas in South Australia it is possible 
to apply to keep any native wildlife. This difference makes the system in some 
Australian states much more comparable to the private reserve networks of southern 
Africa.  
Chacon (2005) provides a discussion of private land conservation throughout Central 
America, highlighting that most lands are privately owned, either through land titles 
or by occupation, but there is little information available about how many there are or 
what form they take. Best estimates are that there are at least 350 landowners, 
protecting 350,000 ha in total across the region. How these private areas are 
managed for conservation is not overseen by government or NGOs. If landowners 
do not wish to be involved, they can have their land removed from the list of privately 
protected areas unless there is a permanent easement on the land. Historically, 
these private landowners have been seen as a threat to biodiversity conservation, 
but most form private protected areas because they feel it is important for intrinsic 
and economic reasons, and to access support available, such as tax breaks, which 
are not effective in all countries, payments for environmental services (PES) in the 
form of annual cash payments per protected hectare and access to legal procedures 
to evict squatters. The ability of these private landowners to manage their lands as 
they choose is much more comparable to the southern African system of private land 
management and wildlife utilisation than those of the more developed countries 
discussed so far. 
In South Africa, vineyard owners have been targeted for involvement in voluntary 
conservation activities. The Biodiversity and Wine Initiative (BWI) gives landowners 
voluntary incentives, such as public recognition, to manage vineyards in such a way 
as to promote biodiversity (von Hase et al., 2010). Of those involved, one study 
(Honig et al., 2015) found that 86% were motivated by intrinsic values, by their own 
innate responsibility to conservation, with only three of the people interviewed 
identifying economic gains as the reason for their involvement. Whilst this is positive, 
such schemes are not necessarily effective. Only 11% of five-year conservation 
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goals were achieved and less than 9% of 20-year goals were met (von Hase et al., 
2010). Whilst this strategy of voluntarily involving landowners in conservation 
activities aimed to protect habitats is common in the rest of the world, it is a relatively 
new idea in southern Africa. The countries in this region have historically managed 
private land conservation in a very different way. South Africa, Zimbabwe, Botswana 
and Namibia are unusual compared with much of the rest of the world, in that they 
have largely privatised the ownership of wildlife – so long as certain conditions 
(relating primarily to fencing) are met, then owners can utilise the wildlife on their 
land (Muir-Leresche and Nelson, 2000). This virtually unique situation in southern 
Africa, of permitting the commercial utilisation of wildlife resources, makes the game 
farming industry of South Africa an ideal case study for further exploration of the 
private protection of public wildlife resources. 
 
History of game farming in South Africa 
Game was abundant throughout Africa, except in the former Cape Province, 
throughout the nineteenth century, until the increased use of guns brought about 
significant declines in the early decades of the twentieth century (Pollock, 1969). 
This led to an increased interest in the preservation of native species, with the first 
game reserves being developed in the former Transvaal of South Africa in 1894 and 
1898, followed by the former Zululand in 1897, and other African nations 
subsequently (Pollock, 1969). Demand for meat after World War 2 and drought 
creating challenging environments for raising cattle were both linked to increased 
interest in game farming in South Africa (Carruthers, 2008). By 1956-1959, wild 
game was generating revenue for more than 2,000 properties (Pollock, 1969). The 
first private game auction took place in 1965, followed by sales from provincial 
conservation departments (Carruthers, 2008). The Department of Agricultural 
Development recognised the legitimacy of game ranching as an agricultural activity 
in 1980, although implementation of the appropriate subsidies took considerably 
longer (Carruthers, 2008). The Certificate of Adequate Enclosure, issued by the 
provincial authorities, conferred full ownership rights over the animals on their land to 
private landowners (Carruthers, 2008). These developments in South Africa were 
replicated in Rhodesia (Muir-Leresche and Nelson, 2000) in 1961, with the 
implementation of the Conservation Act allowing farmers to harvest their wildlife 
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under permit, which led to the development of a safari industry throughout the 1960s. 
In 1975, this was extended to allow the management of all wildlife activity on private 
land under the Parks and Wildlife Act. After independence in 1980, the newly formed 
Zimbabwe also experienced rapid development in game ranching. Zimbabwean 
conservancies also developed, partially in co-operation with WWF’s Rhino 
Conservancy Project. Namibia transferred management of wildlife to private 
landowners in 1967 (Muir-Leresche and Nelson, 2000). 
The increasing number of game farms throughout South Africa led to the 
development of the Game Theft Act 105 of 1991, which gave private landowners 
legal rights over the animals on their land (Davies-Mostert, 2014; Burgener et al., 
2001) and includes animals which have escaped or been deliberately lured away 
(Burgener et al., 2001). This legal protection for game farmers has led to the 
expansion of the game farming industry to include livestock auctions and the growth 
of trophy hunting and other commercial exploitation of wildlife (Davies-Mostert, 
2014).  
Private land dedicated to game farming covers an area more than three times that of 
all protected state and provincial land (Milliken and Shaw, 2012). However, one 
particularly potentially lucrative animal was, for a long time, missing from this 
industry, the rhino. Black and white rhinos are one of South Africa’s “big five”; they 
are the most difficult to hunt on foot (Taylor et al., 2015a) and therefore the most 
valued by hunters. Whilst the rest of the big five (lions (Panthera leo), leopard 
(Panthera pardus), buffalo (Syncerus caffer) and elephant (Loxodonta africana)) 
were also heavily hunted (Caro and Riggio, 2014), rhinos faced additional problems 
due to land clearances (Leader-Williams, 2013). By 1900, the number of white rhinos 
had dropped to fewer than 50 (Knight et al., 2015; Brooks, 1999). At that point, all 
white rhinos were in one population under the ownership of the then Natal Parks 
Board (Emslie, 1999) and intensive breeding programmes were started, resulting in 
over 1,800 white rhinos by 1968 (Milliken and Shaw, 2012).  The black rhino was 
historically much more numerous and may have numbered up to 850,000 across the 
whole of Africa at one stage (Emslie, 2012a). Black rhinos were also affected by the 
land clearances that reduced white rhino populations (Leader-Williams, 2013), with 
an estimated 100,000 remaining by 1960 (Emslie, 2012a). 
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Current status of rhinos in South Africa 
By 1895, around 50 white rhinos made up a single population in the former Umfolozi 
Game Reserve (EWT, 2013), within what is now KwaZulu-Natal (KZN) Province 
(Carruthers, 2013). Throughout the 1940s and 1950s, interest in conservation grew 
and the development of more protected areas led to the population reaching 437 by 
the first aerial count in 1953 (EWT, 2013). The intensive breeding and conservation 
programme known as “Operation Rhino” was instigated in 1961 (EWT, 2013) to sell 
some of these animals to private owners in order to ensure the carrying capacity of 
the region was not exceeded (Knight, 2015; Carruthers, 2013; Leader-Williams, 
2013; Milliken and Shaw, 2012; Leader-Williams et al., 2005; Spenceley and Barnes, 
2005; Brooks, 1999).  The first sales of white rhinos from Natal Parks Board to 
private owners occurred in 1986, allowing white rhinos to reach their commercial 
sales value (Knight, 2015). Black rhino sales followed in 1990 (‘t Sas-Rolfes, 1997; 
Walker, 1994), when the first breeding herd was sold to Lapalala Wilderness 
(Walker, 1994). Trophy hunting of white rhinos was legalised in 1968 (Knight, 2015; 
Brooks, 1999; Emslie, 1999), when the population was only 1,800 (Knight, 2015). 
The ability to now own white rhinos and offer them as hunting trophies once again 
allowed private white rhino owners to offer hunters a big five experience. By 2004, 
the white rhino population in South Africa had increased six-fold (Reilly et al., 2004), 
due to the now strong financial incentives to keep and breed these animals 
(Abensperg-Traun, 2013; ‘t Sas-Rolfes, 1997). These financial incentives, combined 
with the legal protection afforded by the Game Theft Act, 1991, promoted legal 
ownership and consumptive use of stock, and so the privately held white rhino 
population in South Africa grew to around 5,000, on 400 properties, by 2008 (Knight, 
2015).  
By the end of 2017, the South African population, of around 15,625 white rhinos, 
represented over 86% of the total wild population (Emslie et al., 2019). South Africa 
was also estimated to hold around 2,046 black rhinos (37% of the total population: 
Emslie et al., 2019). More than 42% of South Africa’s black and white rhino 
populations are held by private owners (Emslie et al., 2019). Private sector 
ownership of these animals therefore represents a sizeable proportion of the total 
population. Private owners regularly buy and sell stock, both from the private sector 
and from South African National Parks (SANParks) and provincial bodies, with the 
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South African government selling 581 rhinos between 2005 and 2008, generating 
ZAR98.3 million (Milliken and Shaw, 2012). The former Natal Parks Board sold white 
rhinos in 1980 for ZAR9,900 (extrapolated to 2004 prices) which was considerably 
less than the trophy price of ZAR64,350 (2004 equivalent), resulting in owners 
buying them to be hunted (Spenceley and Barnes, 2005). Opening the market to 
auctions rather than set pricing increased the value of the animals with average 
prices ranging from ZAR95,281 in 2005 to ZAR274,712 in 2008 (Hall-Martin et al., 
2009). These auction prices include privately owned animals, with the prices fetched 
by SANParks and Ezemvelo KZN Wildlife (the former Natal Parks Board) only 
averaging ZAR230,000 in 2011 (DEA, 2013). Whilst the prices achieved by state and 
provincial animals are not as high as those from privately reared animals, this still 
represents a sizeable contribution to the income of these state conservation 
organisations. 
The recovery of black rhino populations was managed in much the same way as that 
of white rhinos, primarily on state-owned land (Leader-Williams et al., 2005), with 
private sector ownership of black rhinos only heavily promoted since the 1990s 
(Leader-Williams et al., 2005). Black rhinos are currently listed on Appendix I of 
CITES (CITES, 2017), which may partially explain why there are far fewer black 
rhinos kept on private land. 
Whilst the size of the privately-owned rhino population and the commercial benefits 
associated with keeping them are clear, what is less well understood is the range of 
properties engaging in private rhino ownership. The motivations of private owners in 
keeping these animals, beyond simple commercial value, are also poorly 
understood. This thesis explores the range of properties engaging in private rhino 
conservation and the effectiveness of such actions in Chapter 2. The motivations of 
owners are briefly considered in Chapter 2 when asked about the priorities of their 
properties, and further considered in Chapter 3. Chapter 3 also considers the wider 
industry perceptions of the value of private rhino owners to rhino conservation, both 
now and in the future. 
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International trade in wildlife products 
All species of rhino were placed on the Convention on the International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) Appendix I (which restricts all 
commercial international trade in listed species and their parts; CITES, not dated; ‘t 
Sas Rolfes, 1997) in 1977 (Hume, 2013; Milliken and Shaw, 2012), which prevented 
international hunters from exporting trophies from South Africa. After this listing on 
Appendix I, the final end market price of rhino horn increased significantly 
(Abensperg-Traun, 2013; ‘t Sas-Rolfes, 1997); triggering poaching and stockpiling of 
rhino horn by producers (‘t Sas-Rolfes, 1997). In 1992, South Africa (along with 
Zimbabwe) proposed the downlisting of its white rhino populations to Appendix II, 
which permits trade so long as it is not detrimental to the future sustainability of the 
species and the required permits are obtained (Abensperg-Traun, 2009; ‘t Sas-
Rolfes, 1997; CITES, not dated;), but this was rejected (Leader-Williams, 2003; ‘t 
Sas-Rolfes, 1997). In 1994, the exportation of live specimens to “appropriate and 
acceptable destinations” (CITES, not dated) and hunting trophies was legalised by 
downlisting to Appendix II for these purposes only (Leader-Williams et al., 2005; 
Leader-Williams, 2003; Brooks, 1999). Full Appendix II downlisting was again 
proposed and rejected in 1997 (Leader-Williams, 2003). Since the downlisting of live 
specimens and hunting trophies, the white rhino population of South Africa has 
increased by 50% (Reilly et al., 2004). The auction price of white rhinos, which had 
stabilised under Appendix I listing, also increased after downlisting (‘t Sas-Rolfes, 
1997). 
Throughout the 1970s to the mid-1990s (whilst international trade was prohibited), 
Africa’s rhinos suffered their first poaching crisis; primarily due to the demand for 
traditional medicine in Asia and dagger handles in Yemen (Knight, 2015; Emslie, 
2012a; Emslie, 2012b; Milliken and Shaw, 2012; Spenceley and Barnes, 2005; ‘t 
Sas-Rolfes, 1997). This first major poaching crisis resulted in the loss of around 
100,000 rhinos across the continent (Hume, 2013). Black rhinos in Kenya were 
particularly heavily persecuted throughout this time (Walpole et al., 2001; ‘t Sas-
Rolfes, 1997; Western, 1982) and total black rhino numbers decreased by 96% 
across Africa between 1970 and 1992 (Spenceley and Barnes, 2005) and 98% when 
the time limit is expanded to 1960 to 1995 (Emslie, 2012a). Total numbers of black 
rhinos across Africa had dropped to only 2,410 by 1995 (Knight, 2015), although 
35 
 
South Africa (and Namibia) did not suffer as heavily from the poaching of black 
rhinos as other countries (Knight, 2015). 
Alongside the international trade in white rhinos and their parts, South Africa also 
permitted national trade in rhino horn, until that was banned on the 13th February 
2009 (High Court of South Africa, 2015a). This moratorium on the domestic trade in 
rhino horn was lifted on the 26th November 2015, by the High Court of South Africa, 
Gauteng Division, Pretoria, which deemed the ban illegal due to “substantial non-
compliance with consultative and participatory process by the members of the 
public” (High Court of South Africa, 2015a: 37). The Department of Environmental 
Affairs (DEA) indicated it would appeal this ruling and filed an application to do so on 
the 7th December 2015 (DEA, 2015a; High Court of South Africa, 2015b). This 
appeal was dismissed on 20th January 2016 (DEA, 2016a). A further appeal was 
lodged against this ruling (DEA, 2016a), but dismissed by the Constitutional Court 
(Constitutional Court of South Africa, 2017) meaning that sales of rhino horn within 
South Africa are now legal. 
There have been suggestions by some private rhino owners that trade restrictions 
are responsible for the increase in rhino poaching (Hume, 2013). Rhino Alive (an 
initiative of the Private Rhino Owners Association [PROA]) has also suggested that 
the CITES international ban on rhino horn was linked to the initial poaching crisis of 
the 1970s to mid-1990s (Rhino Alive, 2016). It has been claimed (Milliken and Shaw, 
2012) that the national trade had previously, illegally, supplied international demand 
for rhino horn. In that case, the lifting of the national moratorium may lead to a 
decrease in rhino poaching, but that is, as yet, unknown.  
The potential for legalisation of international trade in rhino horn had been considered 
by the Department of Environmental Affairs prior to the 17th CITES Conference of 
Parties (CoP), held in Johannesburg in September 2016 (DEA, 2015b; Duffy et al., 
2013), with the 2016 DEA budget including this proposal (National Treasury, 2016). 
However, at the cabinet meeting of 13th April 2016, this proposal was rejected 
(Government Communication and Information System, 2016). The potential to 
submit a proposal for trade in rhino horn was considered again in 2018 
(Parliamentary Monitoring Group, 2018), but no proposal from South Africa was 
submitted ahead of the 18th CITES CoP (CITES, 2019). 
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One outspoken private rhino owner, John Hume, published an open letter (Hume, 
2013) which claims that the CITES ban is a “dismal failure” (pg. 15). He discusses 
the issues with trade bans driving trade underground and artificially inflating prices, 
for what is essentially a renewable/sustainable product, due to the fact that horn 
grows back (Biggs et al., 2013; Duffy et al., 2013; Hume, 2013). This idea that 
CITES does not work as a conservation tool has been considered by multiple 
authors (e.g., Weber et al., 2015; Abensperg-Traun, 2013; ‘t Sas-Rolfes, 1997), with 
most focusing on the trade in elephant ivory (Gao and Clark, 2014; van Kooten, 
2008; Heltberg, 2001; Bulte and van Kooten, 1999; Burton, 1999; Khanna and 
Harford, 1996; Glennon, 1990). 
CITES exists to restrict trade in order to try and protect vulnerable species and 
populations (Challender et al., 2015a; Weber et al., 2015), but trade bans will not 
eliminate all trade as long as economic gains can be made from an illegal product 
(van Kooten, 2008); without a reduction in demand the trade is simply driven 
underground (Challender et al., 2015b; Khanna and Harford, 1996). The total 
international trade in flora and fauna, in 2002, was in excess of US$20 billion, with 
about a quarter of this estimated to be illegal (Brack, 2002). By 2004, the trade was 
worth US$159 billion, involving more than 350 million plants and animals, with US$6 
billion of this trade estimated to be illegal (Warchol, 2004). The species protected by 
CITES are scarce and, as with any rare product, high demand can drive high prices, 
making this an exceptionally lucrative trade. Wildlife crime is particularly lucrative 
due to the low costs involved in extraction, high value, ease of trafficking and 
difficulties in proving the illegality of the product (Douglas and Alie, 2014). CITES 
regulations are also often poorly enforced, due to lack of funding or political will 
(Brack, 2002), or not being considered a priority in the context of high-value 
resources (Douglas and Alie, 2014). There are also suggestions that such illegal 
products have been concealed in diplomatic baggage (Warchol, 2004; Brack, 2002), 
suggesting that the problem is as much a political issue as a law enforcement and 
environmental one. Tackling such corruption and ensuring regulation is effective is 
just as important as legislation in reducing environmental crime (Coppens, 2013), 
such as the poaching and smuggling of illegal rhino horn and elephant ivory. 
The African elephant was placed on CITES Appendix II in 1976 (‘t Sas-Rolfes, 1997) 
then upgraded, in December 1989, to Appendix I (Burton, 1999; ‘t Sas-Rolfes, 1997). 
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The elephant population in South Africa was subsequently downlisted again to 
Appendix II in 1997 (Burton, 1999), after initial rejections to this proposal in 1992 and 
1994 (‘t Sas-Rolfes, 1997). The impact of the Appendix I listing of elephants is 
disputed, with some authors (Abensperg-Traun, 2013) claiming that it has had no 
impact on the illegal ivory trade, whilst others have claimed that poaching did decline 
during this time (Bulte and van Kooten, 1999). ‘t Sas-Rolfes (1997) has claimed that 
the African elephant is the only species that has benefited from listing on Appendix I 
of CITES and even then conceding that this may not be economically viable in the 
long term. What is known is that during the Appendix II listing period (1976-1989), 
the population declined by 50% due to poaching (Abensperg-Traun, 2013; Fischer, 
2004; Warchol, 2004), with some estimates equating this to around 100,000 
elephants (Fischer, 2004) and others estimating up to 700,000 were lost during this 
time (Warchol, 2004).  
The trade in ivory is complex, with white (licensed agencies, authorised by 
government), grey (live auctions of ivory artwork – the legality of which is 
unknown/ambiguous) and black (illegal) markets existing (Gao and Clark, 2014). All 
of these potentially contribute to the illegal trade in ivory as legal trade routes can be 
exploited to launder illegal product (van Kooten, 2008; Fischer, 2004; Bulte and van 
Kooten, 1999; Khanna and Harford, 1996). It is also virtually impossible to 
distinguish legal ivory from the illegal product (Khanna and Harford, 1996; Glennon, 
1990) and so it is entirely possible that ivory purporting to be legal is in fact illegal. It 
is clear that the legal elephant ivory market is fed by poaching, with the volume of 
ivory traded in Chinese auctions positively correlating with poaching pressure (Gao 
and Clark, 2014). Even the increased enforcement of ivory trading laws in December 
2011, which resulted in far less ivory being traded, did not create a respective 
decrease in elephant poaching (Gao and Clark, 2014), which suggests that the trade 
simply moved to the black market. When the price of a product is so high (ivory in 
China can sell for more than ten times the price it can achieve in producer countries 
in Africa; Gao and Clark, 2014) international trade restrictions, such as CITES, 
cannot diminish the attractiveness of exploiting that market (Glennon, 1990). The 
requirements to manage this trade put significant financial pressures on producer 
countries in the developing world (Challender et al., 2015a), which may not be able 
to shoulder that expenditure. It has been suggested (Glennon, 1990) that elephants 
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are a global commodity, whose attraction reaches far beyond that of just their native 
countries and so greater global input may be required to protect the elephant, rather 
than just enforcing all of the responsibility onto developing countries due to an 
“accident of geography” (pg. 34). It cannot be forgotten that conservation of 
biodiversity has global benefits, but local costs, and that those are often borne by the 
poorest countries and the poorest people within them; a lack of local incentives to 
develop local protected areas for conservation and the minimal regional benefits of 
increased tourism further increase the costs for these communities (Wells, 1992). 
Legalising the trade in elephant ivory has been discussed several times in the 
literature (e.g. van Kooten, 2008; Heltberg, 2001; Glennon, 1990), with the general 
consensus being that banning the ivory trade does not prevent poaching (van 
Kooten, 2008) and costs the producer countries more by requiring more expenditure 
on conservation (Glennon, 1990). Tightly monitoring trade in ivory may reduce black 
market demand and raise funds for conservation (Heltberg, 2001) as well as allowing 
producer countries to control prices through the sale of stockpiles, which poachers 
cannot do (van Kooten, 2008). 
Whilst the end market for most elephant ivory is Asia (Warchol, 2004), as is the case 
for rhino horn (Knight, 2015; Warchol, 2004), the use of the end product is very 
different, which some authors (Glennon, 1990) suggest means that the trade in ivory 
cannot be compared to the trade in rhino horn. Elephant ivory is considered a 
decorative item (Fischer, 2004; Warchol, 2004), rather than medicinal, as is the case 
for rhino horn. Therefore, it may be more relevant to consider the effectiveness of the 
CITES trade ban on rhino horn in light of its effectiveness on the trade of other 
species used for medicine, such as tigers (Pathera tigris), bears (Ursus sp., 
Tremarctos ornatus, Melursus ursinus and Helarctos malayanus) and pangolins 
(Manis sp.). The difficulties in controlling the trade in tiger products, which are used 
for multiple purposes in traditional medicine (Abbott and van Kooten, 2011), lie in the 
fact that many of their range countries are also end user countries and so 
international trade does not necessarily occur (‘t Sas-Rolfes, 1997). China did enact 
a domestic ban on the trade in tiger bone and tiger bone medicine in 1993, but the 
existence of Chinese tiger farms indicates that this is not effectively enforced (Abbott 
and van Kooten, 2011).  
39 
 
CITES has also been ineffective in controlling the trade in bears, for the use of their 
bile, due to the split-listing and non-listing of some species, as well as the existence 
of look-alike products (‘t Sas-Rolfes, 1997). The pangolin trade issue is slightly 
different from the others discussed, in that since 2000, CITES has received very few 
reports on the poaching of pangolins yet seizure and trade records indicate that 
around 227,278 animals were traded from July 2000 to 2003 (Challender et al., 
2015b). This indicates not only a sizeable illegal trade in these animals, but also a 
failure of CITES to acknowledge or monitor this trade. CITES has also been 
considered (Abensperg-Traun, 2013) as implicit in the persecution, and subsequent 
population declines, of leopard across Africa, as this increased after the Appendix I 
listing of the species as landowners could no longer see the value in these 
predators, which are known to kill livestock (Abensperg-Traun, 2013; Warchol, 2004; 
Stuart et al., 1985). This issue has clear parallels with the arguments by private rhino 
owners that restricting trade only makes rhinos less attractive to private owners and 
so will result in fewer being kept (Duffy et al., 2013; Hume, 2013).  
From the examples discussed, it is clear that the capacity of CITES to impact on 
conservation is limited by its sole focus on international trade (Abensperg-Traun, 
2013; ‘t Sas-Rolfes, 1997). A lack of monitoring, over-reliance on regulation and non-
compliance have all been considered failures of CITES (Challender et al., 2015a), 
along with the lack of emphasis on reducing end market demand (Crookes and 
Blignaut, 2015), with some going so far as to say that CITES in fact completely fails 
to acknowledge market factors (Challender et al., 2015a). Trade bans have no 
impact on a pre-existing illegal market (Fischer, 2004) and so can only exert an 
influence if there is a concurrent decrease in demand (Burton, 1999). Even if CITES 
did expand its remit to consider end user market demand, it must be remembered 
that reduction in such demand is unlikely to occur quickly, and indeed may not occur 
at all (Knight, 2015). If it were possible to disrupt illegal markets by promoting use of 
legal products by law-abiding consumers who may not wish to partake in illegal 
activity, this may be more efficient in disrupting illegal trade than trade bans and may 
increase the willingness of consumers to pay a premium for legal goods (Fischer, 
2004). Alternatively, it may create a price reduction, thereby making the product 
more appealing and increase demand even further (Duffy et al., 2013).  
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Rhino horn trade 
Understanding market forces that drive the trade for rhino horn are (as with all the 
examples discussed previously) complicated by the illegality of the market. Rhino 
horn is made from compressed keratin (Biggs et al., 2013; Amin et al., 2003), the 
same material as human hair and finger/toenails and has no medicinal properties 
(Milliken and Shaw, 2012). However, rhino horn has been used in traditional Asian 
medicine since 2600 BCE (Brook et al., 2014) as a cure for everything from fevers 
(Milliken and Shaw, 2012; ‘t Sas-Rolfes, 1997; Pienaar et al., 1991) and headaches 
to measles and strokes (Milliken and Shaw, 2012). Whilst this traditional market has 
existed for a significant length of time, it has expanded in recent years with the 
newfound, previously mostly dormant, Vietnamese market (Knight, 2015; Milliken 
and Shaw, 2012). The Milliken and Shaw (2012) review of the trade in rhino horn 
between South Africa and Vietnam found that, alongside its traditional use as a 
general tonic, rhino horn has also been promoted as a cure for cancer and is 
commonly used, mixed with water, as a hangover cure. They also found that whilst it 
has long been the case that Western society linked rhino horn use in the East with its 
supposed aphrodisiac qualities (debunked by traditional exponents of Asian 
medicine; Jackson, 1982) it has now come full circle and men are now embracing 
horn for these reasons in “rhino wine”. They also highlight that horn is being used in 
Vietnam as an expensive gift or partial payment for luxury items (sometimes 
involving political officials), as well as a way to conspicuously flaunt wealth. These 
exaggerated claims of the value of rhino horn will only continue to further drive 
demand (Amin et al., 2003), which is particularly concerning when coupled with the 
increasing wealth of much of Asia potentially allowing even more members of the 
population access to such luxury goods (Knight, 2015; Sutherland et al., 2014).  
In 2015, rhino horn was trading for approximately US$60,000 per pound (Harper, 
2015), which is around US$27,000 per kilogram; more than cocaine or gold (Massé 
and Lunstrum, 2016). Given that the average African rhino horn weighs 4 kg 
(Lunstrum, 2014), this would represent a substantial income for a rhino horn trader, 
or indeed a private owner, were horns legally allowed to be traded internationally. 
This figure is likely to be an underestimate, as the Lunstrum (2014) average mass 
was for all African rhinos, whereas Pienaar et al. (1991) investigated individual 
rhinos and found the average adult male white rhino carried 8.31 kg of horn (across 
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both anterior and posterior horns) and the average adult female white rhino had 5.23 
kg of horn. Even the smaller black rhinos still carry enough horn to make them very 
valuable, with the average adult black rhino carrying 2.65 kg of horn. This substantial 
difference in horn size may go some way to explaining why white rhinos are poached 
much more heavily (discussed in more detail below) than black rhinos. Even the 
Indian one-horned rhinos (Rhinoceros unicornis), with a horn weighing only 750 g on 
average (Martin et al., 2009), is threatened by poaching for its horn. In the case of 
the Indian one-horned rhinos, the threat to them is not due to the size of their horn, 
but the fact that it is highly prized for being more potent for use in medicine (Martin et 
al., 2009).  
In light of this demand and very high value, the calls from private owners (e.g. Rhino 
Alive, 2016; Hume, 2013) to legalise the trade in rhino horn, could be interpreted in 
two ways: the way in which they claim, which is in the interests of species 
preservation (Rhino Alive, 2016; Hume, 2013), or in the interest of their own financial 
situation (UNODC, 2012). Irrespective of their motives, it is noted that a lack of legal 
trade in rhino horn runs the risk of reducing incentives for private rhino owners and 
so may increase the rate of disinvestment in rhinos. Disinvestment is already 
occurring (Duffy et al., 2013; EWT, 2011), with more than 70 properties disinvesting 
in rhino by 2016 (DEA, 2016b). Disinvestment in private land conservation is not 
unique to private rhino owners in South Africa. A study in privately owned forests in 
Finland (Paloniemi and Tikka, 2008) found general disinterest in formal conservation 
on the land beyond protecting what was already present. Only 15% of the forest 
owners were willing to engage in conservation activities, which the authors related to 
a generally negative perception of nature conservation policy. This pattern is 
repeated in the United States, where the policies in place can themselves act as 
disincentives to conservation activity (Polasky and Doremus, 1998; Polasky et al., 
1997). Because the presence of endangered or protected species on their land may 
create problems for landowners by restricting their activities, they may deny access 
to regulators and may even take actions to negate the conservation value of their 
land prior to any visit by a government agent (Polasky and Doremus, 1998; Polasky 
et al., 1997). Alternatively, they may undertake activities to overinflate the 
conservation value of their land in return for higher compensatory payments (Polasky 
and Doremus, 1998). What is clear is that conservation has an economic value and 
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rhinos are very valuable animals, both dead and alive. Whilst this idea of placing a 
price on an animal in order to conserve it may seem counterintuitive, it is the basis 
upon which the extensive trophy hunting industry in South Africa has thrived. 
Unfortunately, it is the case that legal trophy hunting of white rhinos has been used 
as a cover for the illegal trading of rhino horn. Milliken and Shaw (2012) provide a 
detailed discussion of these issues, pertaining to illegal activity producing rhino horn 
for the Vietnamese markets. This report highlights the increase, since 2004, of non-
traditional hunters buying permits to shoot rhinos (particularly from Vietnam), with 
five Vietnamese syndicates believed to have conducted 203 hunts between 2005 
and 2007. From 2007 to 2009 Vietnamese hunters were second only to Americans in 
the number of rhino hunts conducted and in 2006 they were third behind Spanish 
hunters. Prices increased significantly during this time, suggesting that there was an 
attempt to price traditional hunters out of the market; Vietnamese rhino hunters paid 
a total of US$22 million between 2003 and 2010. Milliken and Shaw (2012) also 
highlight the use of pseudo-hunters; inexperienced or naïve hunters, including Thai 
prostitutes, with no interest in having their trophies mounted. The authors suggest 
that these pseudo-hunters were used in order to allow syndicates to continue to 
collect rhino horn without hunting themselves, after changes to the regulations 
pertaining to rhino hunting were brought in to prevent individuals conducting multiple 
hunts. In 2009, the Professional Hunters Association of South Africa (PHASA) 
advised its members against taking on Vietnamese hunters due to their concerns 
over the legality of such hunts (Milliken and Shaw, 2012). Further legislative changes 
in 2012 have largely controlled this issue of pseudo-hunting (Duffy et al., 2013).  
Limited studies have been undertaken (Rubino and Pienaar, 2018b; Wright et al., 
2016) to try and understand perceptions of trade in rhino horn amongst game 
farmers, but few have considered the perceptions of the wider industry. With the 
potentially powerful and widespread influence of NGOs on public perception and the 
localised influence of field guides and anti-poaching staff on people in local 
communities, it is important to consider the perspectives of the wider private rhino 
industry regarding trade, alongside the perceptions of private rhino owners 
themselves. These wider industry perceptions regarding horn trade are explored in 
Chapter 3 of this thesis. 
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Poaching 
Poaching has been defined as the hunting of any animal not permitted by the state 
or private owner (Duffy, 2014) and in Africa ranges from the subsistence hunting of 
bushmeat to the deliberate targeting of large, valuable species, such as elephants 
and rhinos. Whilst bushmeat hunters may not be equipped to poach a rhino, were 
they to come across one they may well kill it if they can, or alert rhino poachers to its 
whereabouts (Metzger at al., 2007), so rhino poaching cannot be considered without 
also considering the factors that drive people to illegally hunt other species. 
Bushmeat hunting has been defined (Lowassa et al., 2012: 623) as “the (usually 
illegal) act of hunting wild mammals, often for the purpose of obtaining meat” and is 
often considered by law enforcement to be a low priority subsistence activity (Milner-
Gulland and Clayton, 2002; Barnett, 1997), practised by the poorest in the local 
community (Lindsey et al., 2013; Kühl et al., 2009). Subsistence hunters generally 
hunt small game species through the use of traps and snares (Duffy and St. John, 
2013; Gandiwa et al., 2013; Kaltenborn et al., 2005), taking only what they can carry 
on short hunting trips into protected areas (Kaltenborn et al., 2005). One of the most 
significant problems caused by bushmeat poaching, lies in the non-selectivity of the 
methods utilised; namely snares (Watson et al., 2013; Lowassa et al., 2012). Snares 
are used because they are effective, can be set by people on foot, which is less 
noticeable to patrols (Jachmann, 2008a; Setsaas et al., 2007), are silent and so do 
not attract attention as a gunshot would (Watson et al., 2013) and are easily moved 
as required. For all of these reasons, snaring appears to be more common in areas 
where anti-poaching activity is high (Watson et al., 2013). Snares are also commonly 
placed along boundaries, such as fence lines (Watson et al., 2013; Wato et al., 
2006) as well as along roads and near water bodies (Watson et al., 2013). They are 
less likely to be found as distance from the perimeter increases (Watson et al., 2013; 
Wato et al., 2006), likely due to the fact that they are set by hand and often collected 
again before dawn to avoid detection by anti-poaching patrols (pers. obs.). The 
unintentional snaring of non-target species is known as snaring by-catch and has 
had significant effects on wildlife populations in Zambia (Becker et al., 2013). By-
catch has increased elephant poaching by 32%, caused the death of 11.5% of all 
adult and sub-adult lions and 20% of the deaths of adult male lions and has affected 
67% of African wild dog (Lycaon pictus) packs (Becker et al., 2013). 
44 
 
Besides the non-selectivity of the methods utilised, bushmeat hunting also causes 
generalised wildlife declines, edge effects and has disproportionate effects on some 
species that are more commonly targeted (Lindsey et al., 2013). As bushmeat 
hunters do not own the animals they are exploiting, they do not have to consider the 
long-term viability of the populations they target in the way that the owners of the 
animals do (Bulte and van Kooten, 1999; Skonhoft and Solstad, 1998). They are 
able to exploit what is available and do so to supplement their diet (Rentsch and 
Damon, 2013; Barnett, 1997) or income, particularly at times when agricultural 
activity is low (Brashares et al., 2011; Skonhoft and Solstad, 1998). The impact of 
bushmeat hunting may also be underestimated as research does not often consider 
birds and reptiles, which are often hunted by women and children (Taylor et al., 
2015b). 
The issues caused by the hunting of bushmeat is likely to be amplified with the 
increasing commercialisation of the process (Duffy and St. John, 2013; Milner-
Gulland and Clayton, 2002; Barnett, 1997). In areas isolated from where bushmeat 
can be sold, most is consumed and so the activity remains primarily traditional 
subsistence hunting, but in areas where there is a market, up to 80% of bushmeat is 
sold (Brashares et al., 2001). In some areas, bushmeat is seen as a superior product 
and so prices are higher, which then drives even more commercialisation with many 
individuals trading bushmeat as their sole source of income (Barnett, 1997). This 
means that not only do poorer rural households have high bushmeat consumption, 
but wealthier urban households also have high bushmeat consumption (Brashares et 
al., 2011). When poaching for commercial reasons, hunters may set up camps in the 
bush for a week or more and butcher and preserve what they hunt to then take to 
market in larger quantities (Kaltenborn et al., 2005). This then blurs the line between 
subsistence poachers and commercial traders, as poachers move towards working 
in small, organised groups and acting as traders themselves (Damania and Bulte, 
2007). As bushmeat hunters move towards becoming traders, they need to develop 
trade routes, with illegal bars a popular place for trading (Barnett, 1997). They are 
also able to take advantage of the corruption of officials to exploit wildlife resources 
on a much larger scale than subsistence poaching. Field rangers are known to 
poach, or be complicit in poaching, and may allow poachers access to reserves in 
exchange for sharing profits or for supplying alcohol or bushmeat (Warchol and 
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Johnson, 2009). This collaboration with corrupt officials can allow former subsistence 
hunters to connect with more commercialised poaching operations to enable them to 
poach and then traffic much higher value products, such as elephant ivory and rhino 
horn, which they would not be able to do without those connections (Duffy and St. 
John, 2013). 
 
Rhino poaching 
It is not optimal for small scale operations to poach rhinos or elephants, but it does 
pay for larger groups (Milner-Gulland and Leader-Williams, 1992). Rhino poachers 
are unlikely to follow the same behaviour patterns as bushmeat poachers (Metzger 
et al., 2007), but the gangs are known to hire subsistence poachers; paying them 
US$42-1,042 to act as guides in India (Martin et al., 2009). The gangs can then be 
paid US$4,167-10,417 per kilogram for the horn by traders in India (Martin et al., 
2009) and US$1,000-9,000 per kilogram in South Africa (Lunstrum, 2014). These 
huge financial rewards make it cost effective to use sophisticated technology, such 
as helicopters and immobilisation darts (Biggs et al., 2013) to target rhinos. The use 
of immobilisation drugs and rhinos being killed with well-placed bullets fired by skilled 
marksmen indicate the involvement of wildlife industry professionals in rhino 
poaching (Knight, 2015; Duffy et al., 2013; Milliken and Shaw, 2012; Warchol and 
Johnson, 2009; Warchol, 2004), with some suggestions indicating that these corrupt 
veterinarians, game farm owners, game capture professionals, professional hunters 
and pilots may be up to 3% of the industry (Milliken and Shaw, 2012). These 
professionals may act as local middlemen, whilst poachers may be from the local 
community, the wildlife industry or may be former police or military (Milliken and 
Shaw, 2012). Members of the military have also been implicated in rhino poaching in 
Nepal (Kock et al., 2008) and highly trained former civil war soldiers from 
Mozambique are known to be involved in rhino poaching in South Africa (Knight, 
2015). Even considering only individuals who are not former civil war soldiers, 
poachers from Mozambique are known to be a significant factor in the poaching of 
rhinos in South Africa (Knight, 2015; Massé and Lunstrum, 2015; Chaderopa, 2013), 
particularly in Kruger National Park (KNP), where the open border is very close and 
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allows an escape route for poachers beyond which South African enforcement 
cannot follow (Massé and Lunstrum, 2015). 
Once a rhino has been poached and its horn removed, which can be done in 
minutes (Kock et al., 2008; Western, 1982), the horn is usually passed to 
middlemen, of which there may be several levels (Warchol, 2004). The 2012 
TRAFFIC study (Milliken and Shaw, 2012) found that in South Africa, these 
middlemen are usually South African nationals, often of Asian descent, who conduct 
a considerable amount of trade in horn; a single Thai man exported 300 kg in 2007 
and 2008, 80% of which came from a businessman of Vietnamese descent based in 
Hartebeespoort Dam. These middlemen then use a series of cover mules, primarily 
air passengers including students and workers with the Vietnamese Embassy in 
Pretoria, to smuggle the horn out of South Africa (Milliken and Shaw, 2012). In the 
past, wildlife poachers were not usually associated with international crime 
syndicates, with the exception of abalone (any genus and species of the family 
Haliotidae) poaching, which was controlled by the triads (Warchol, 2004), but it is 
now recognised that organised crime syndicates are playing a role in rhino poaching 
and smuggling (Knight, 2015; Milliken and Shaw, 2012), including European groups, 
which indicates that the trade goes beyond eastern Asia (UNODC, 2012). There 
have even been suggestions that wildlife crime has played a role in funding 
terrorism, or indeed that poachers themselves can be considered as terrorists (Duffy, 
2016). 
As previously mentioned, rhinos suffered from heavy poaching through the 1970s to 
the mid-1990s, but this had mostly stabilised with an average of fourteen rhinos 
poached per year in South Africa between 1990 and 2005 (Milliken and Shaw, 
2012). However, recently, this number has increased substantially, with over 1,000 
poached per year from 2013 to 2017. Figure 1.1 shows the rhino poaching level in 
South Africa, from state, provincial and private land. The statistics from 1990 to 2009 
and from 2018 are total figures from all land in South Africa.  
Whilst it is important to understand the scale of rhino poaching at a national level, 
poaching statistics alone do not present the full picture. To fully understand rhino 
poaching, it is important to identify what factors determine when and where poaching 
will take place, and which individual rhinos are most at risk of poaching. Such 
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research has not been undertaken for private land but could help in directing anti-
poaching activities most effectively. In Chapters 4 and 5 of this thesis the temporal 
and spatial factors which may influence rhino poaching are explored. Chapter 4 also 
identifies factors which may determine which individual rhinos are targeted by 
poachers. 
 
Figure 1.1: Official rhino poaching statistics (DEA, 2019; Rhino Alive, 2018; DEA, 2016a; DEA, 2014; Milliken and 
Shaw, 2012) 
 
Anti-poaching measures 
Protecting animals from poaching is an additional prohibitive expense on top of the 
already high cost of protecting endangered species (Damania and Bulte, 2007). In 
2012, private rhino owners spent, on average, ZAR30,000 to ZAR40,000 per month 
on extra security (Milliken and Shaw, 2012) even though the average annual 
household expenditure in 2011 was only ZAR95,183 (Statistics South Africa, 2012). 
In order to secure the animals on their land to comply with the Game Theft Act, 
1991, private landowners must install game fencing to contain their animals. Cost of 
fencing varies significantly, but generally it is expensive and requires maintenance 
48 
 
(de Boer et al., 2007), with one report estimating that 38 km of solar-powered 
standard 2.5 m game fencing with three electric strands could cost up to US$41,000 
per year for the first twenty years to install and maintain (de Boer et al, 2007). 
Maintenance of these fences, whilst expensive, is one of the first steps in making 
reserves less accessible to poachers and one that is undertaken by private reserves 
without too much difficulty (Pernetta, 2014). 
One of the other ways that private owners have tried to protect their rhino stock is 
through dehorning (Lindsey and Taylor, 2011), and the injection of poison into the 
horns (Duffy et al., 2013; Milliken and Shaw, 2012). Dehorning has also been carried 
out in a few provincial parks but has not been practiced by other provincial parks or 
by SANParks (Lindsey and Taylor, 2011) until recently. In May 2019, SANParks 
authorities issued a media release (SANParks, 2019) indicating that they had started 
selective dehorning of rhino cows in the southern part of the Greater Kruger 
Protected Area. Dehorning is a simple process, using chainsaws or cross-cut wood 
saws to cut horizontally through the horn above the growth plate (Lindsey and 
Taylor, 2011). It can cost as little as US$20 per animal to shave the horn (Biggs et 
al., 2013), but a survey of rhino stakeholders (Lindsey and Taylor, 2011) found that 
dehorning usually costs around US$973 per rhino, with lows of US$125-250 if the 
animals can be darted from the ground, and highs of up to US$1,600 per rhino in 
difficult terrain or where populations are widely dispersed. Dehorning also needs to 
be repeated on a regular basis, with most recommendations suggesting that older 
animals and males are dehorned slightly more regularly than females and younger 
animals (Rachlow and Berger, 1997). Lindsey and Taylor (2011) suggest that rhinos 
under severe threat of poaching should be dehorned every 12 to 24 months and 
those under intermediate threat, every 24 to 36 months. Due to the expense involved 
and the risks of calf predation when a mother has been dehorned, they do not 
consider dehorning appropriate for rhinos under a lesser threat of poaching and 
recommend translocations of rhinos as preferable to dehorning. With very large 
populations, dehorning becomes impractical and unaffordable as a poaching 
deterrent (Duffy et al., 2013).  
An alternative to dehorning rhino is to inject the horns with a poison which would 
make them unsuitable for consumption, but this is unlikely to work on a large scale 
(Milliken and Shaw, 2012). As with dehorning, poisoning horns is an ongoing 
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process as the horn grows, and the efficacy is unclear as yet (Duffy et al., 2013). 
Ferreira et al. (2014) have been particularly critical of this option, noting that the 
teams advocating it have not cut through a horn to assess the dispersal of the dye 
and stating that “all evidence indicates wide-scale failure of the application” (pg. 58). 
Regardless of the efficacy, poisoning horn also reduces the saleability of the product 
and so may actually drive prices even higher (Duffy et al., 2013), potentially making 
rhino poaching even more attractive. Both dehorning and poisoning horns require 
rhinos to be sedated regularly, which carries an immediate low risk of mortality (Duffy 
et al., 2013; Lindsey and Taylor, 2011; Rachlow and Berger, 1997) and has unknown 
long-term implications (Rachlow and Berger, 1997). 
These strategies may not even actually act as deterrents to poachers, as the poison 
is not visible (Duffy et al., 2013) and in some areas, poaching is so profitable that 
removing the small pieces of horn left after dehorning is still worth the risks 
associated with poaching (Lindsey and Taylor, 2011; Milner-Gulland, 1999). 
Unfortunately, this small piece of horn cannot be removed without a high risk of 
adverse effects, since cutting too close to the germinal layer can cause damage to 
the underlying vascular tissue, introduce infections and lead to horn deformities 
(Lindsey and Taylor, 2011). Therefore, effective anti-poaching activity is still required 
in order for dehorning to be an effective deterrent to poachers (Lindsey and Taylor, 
2011). 
The Norms and Standards for the Marking of Rhinoceros and Rhinoceros Horn, and 
for the Hunting of Rhinoceros for Trophy Hunting Purposes (updated April 2012) 
require DNA samples to be taken from all dehorned rhinos, all trophy horns and 
indeed any rhinos that are sedated for any reason (Milliken and Shaw, 2012), which 
would include sedation for the purposes of injection of poison into their horns. This 
DNA information is then stored on the central Rhino DNA Index Database (RhoDIS) 
at the Veterinary Genetics Laboratory, University of Pretoria (rhodis.co.za). This 
database can keep the DNA of rhinos and allow confiscated horns to be tracked 
(Cress and Zommers, 2014; Harper et al., 2013; Kapur et al., 2003). For this process 
to work efficiently, the DNA samples must be collected correctly with incomplete 
profiles being produced if DNA is collected from the outer layers of horn (Harper et 
al., 2013). Only very small pieces of horn are required with 1-35 mg producing a full 
profile and even 0.1 mg still allowing matches of forty-one of forty-six alleles (Harper 
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et al., 2013). Due to the fact that it is made of compressed keratin, rhino horn reflects 
the diet of an animal in its chemical composition, which can allow identification down 
to the level of which park that animal came from (Amin et al., 2003), even if its full 
DNA profile is not in the RhoDIS database. 
Whilst dehorning may act as a deterrent and the RhoDIS database can provide 
evidence in the event of a poaching incident, most reserves wish to prevent 
poachers from entering their land in the first place and so employ anti-poaching units 
(APUs), which may conduct regular foot patrols day and night, or may be deployed 
strategically in response to poaching threats (Gandiwa et al., 2013). These APUs 
may consist of trained, armed, paid staff, or may be made up of volunteers (Pernetta, 
2014; Milliken and Shaw, 2012). Depending on the habitat within the reserve, the 
level of effectiveness and input into these patrols differs significantly; with increased 
foot patrols being found to decrease poaching in savannah habitats, but not in 
forested areas (Jachmann, 2008b). This is particularly concerning when it is 
considered that poaching can be ten to fifty times higher in forested areas than in 
savannahs (Jachmann, 2008b). Whilst state-backed reserves, such as the 
SANParks and provincial parks in South Africa, fund their APUs through their 
government funding as well as tourist generated income and donations from NGOs, 
private reserves must fund their anti-poaching activities from only the income they 
generate themselves. APUs with limited funding (as is the case on private reserves 
or those supported by NGOs) are under financial and manpower limitations which 
reduce their patrolling ability (Clements et al., 2010). Even in state-backed reserves, 
funding limitations can still apply (Gandiwa et al., 2013; Jachmann, 2008b; 
Johannesen, 2007) and result in inadequate staffing or staff who are not adequately 
trained in order to be effective (Martin et al., 2009). A lack of appropriately trained 
staff, or staff who not experienced enough to be fully effective, is one of the biggest 
hindrances to protected area management (Aung, 2007). Anti-poaching activities can 
be improved by the provision of adequate funding, appropriate training of staff, 
development of experienced staff and through building good working relationships 
with local communities and law enforcement (Lindsey et al., 2013). Private sector 
APUs do however face some more difficulties in dealing with poachers than those in 
state backed reserves as they are limited in the use of force they can apply due to 
restrictions on their use of semi-automatic weapons and some also fear murder 
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charges if they were to kill a poacher (Duffy et al., 2013). South Africa does permit 
the use of lethal force to deal with poachers, but private APUs and volunteers are 
unclear as to how this applies to them (J. Huntingford pers. comm.; C. Theron pers. 
comm.). Nevertheless, some private APUs are being trained in military techniques in 
the use of firearms, tracking, arrest procedures etc. by former military personnel 
(Lunstrum, 2014; Milliken and Shaw, 2012). Indeed, some former South African 
Defence Force (SADF) soldiers moved into the conservation field after the end of 
apartheid as their skills in survival, planning and tracking and their understanding of 
weapons are easily transferable to that field (Duffy, 2014). 
An increasing move towards militarisation of anti-poaching exists in a background of 
poor understanding of the effectiveness and utilisation of non-militarised anti-
poaching efforts. The range of anti-poaching strategies employed by private rhino 
owners is poorly explored beyond the regular owner surveys (Balfour et al., 2015) 
and so requires further exploration. Chapter 2 of this thesis explores the range of 
anti-poaching strategies employed by private rhino owners and also explores the 
effectiveness of such strategies in deterring future poaching events. 
 
Militarisation of anti-poaching measures 
Increased militarisation of anti-poaching units is not unique to the private sector and 
is widely applied in the protection of animals from poachers on state owned reserves 
also (Massé and Lunstrum, 2016; Duffy, 2014; Lunstrum, 2014); sometimes with 
support from private APUs (Humphreys and Smith, 2014). In fact, it is also not a new 
idea, with many African nations training their rangers in a military style to combat the 
threat of elephant and rhino poachers during the 1980s (Lunstrum, 2014). This 
increased militarisation can take the form of increased use of force as well as 
specialist training in military techniques (Duffy, 2014), but may inadvertently lead to 
an arms race with poachers that could have severe repercussions for both sides 
(Massé and Lunstrum, 2016; Cheteni, 2014; Duffy, 2014; Lunstrum, 2014). Indeed, it 
is already known that poachers are carrying weapons such as pistols and grenades, 
which are not intended for use on animals (Lunstrum, 2014). Management in KNP 
have been utilising military techniques for several years now, with the introduction of 
57 South African National Defence Force (SANDF) soldiers into the park in August 
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2011, primarily to monitor the open border with Mozambique, followed by the training 
of another 150 in January 2012 to join the 500 SANParks anti-poaching staff 
(Milliken and Shaw, 2012). KNP also previously employed retired Army Major 
General Johan Joost to oversee the anti-poaching strategy (Lunstrum, 2014). As well 
as protecting the border with Mozambique, the army have trained KNP rangers in the 
use of military techniques to support anti-poaching and have actively participated in 
anti-poaching patrols (Massé and Lunstrum, 2016; Lunstrum, 2014).  
As well as adopting military style techniques, reserves are also applying military 
technology in the fight against rhino poachers (Cress and Zommers, 2014; Duffy, 
2014; Duffy et al., 2013). Drones are being deployed regularly to monitor animals 
and provide aerial surveillance (Cress and Zommers, 2014; Duffy, 2014; Duffy et al., 
2013) as are helicopters, microlights (Duffy et al., 2013) and mikrokopters, which are 
similar to drones (Cress and Zommers, 2014). One author (Cheteni, 2014) even 
goes as far as to suggest that drones and other remotely operated aerial vehicles 
could be equipped with missiles to target poachers. Camera traps, GPS trackers and 
thermal imaging technology are also being increasingly used (Duffy, 2014; Duffy et 
al., 2013) and are slightly more affordable pieces of technology, which may make 
them more accessible to private rhino owners. Even more advanced technologies 
include the use of radio frequency identification (RFID) tags, which are microchips 
that can be attached or implanted into individuals to track their movements (Cress 
and Zommers, 2014; Duffy et al., 2013), acoustic traps that allow for the triangulation 
of noise sources (some are even able to deploy drones or other aerial equipment 
capable of recording video footage or still images) and military-style (mesh) networks 
that allow transmissions from chipped or radio tagged animals to be scrambled and 
then decoded preventing them from being picked up and interpreted by poachers 
(Cress and Zommers, 2014). 
Military-style anti-poaching activities are inherently expensive but are increasingly 
deployed in efforts to deter poachers. It is essential to understand the effectiveness 
of such actions and the economic impact of increasing militarisation of anti-poaching 
in order to determine the potential benefits of such actions for private rhino owners. 
As noted above, Chapter 2 of this thesis explores the range and effectiveness of 
anti-poaching strategies employed by private rhino owners. Chapter 2 also includes 
an analysis of the economic impact of such activities on private rhino owners. 
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A team of militarised anti-poaching rangers, equipped with technology can only be 
effective in reducing poaching if they are managed and deployed effectively; it is not 
appropriate to simply instigate anti-poaching strategies without first considering 
which strategies work, why they work and when they should be utilised (Geldmann et 
al., 2013). Poor management, low accountability and an unwillingness to make 
decisions by management have all been linked to the extinction of the Javan rhino 
(Rhinoceros sondaicus) from Vietnam (Brook at al., 2014). Appropriate, regular 
supervision of APUs by senior staff is known to increase the effectiveness of anti-
poaching measures (Jachmann, 2008b), and is particularly important on private 
farms which may have absentee owners and an on-site manager (Warchol and 
Johnson, 2009). Managers and anti-poaching teams must also be willing to regularly 
adapt their anti-poaching practices in order to prevent poachers from becoming 
familiar with them (Martin et al., 2008). 
One suggested alternative to capturing and prosecuting poachers is to increase the 
use of shoot-on-sight policies (Messer, 2010). Messer found that including the risk of 
death in models (through the inclusion of shoot-on-sight policies) made poaching a 
less viable option in areas with very low wages. During the elephant poaching of the 
1970s to 1990s, Botswana, South Africa, Tanzania and Zambia did not implement 
shoot-on-sight policies and their elephant populations decreased, whilst the 
populations in Kenya and Zimbabwe, which did employ shoot-on-sight policies, 
increased over the same time period (Messer, 2010). There is also generally public 
and NGO (including Born Free, International Federation for Animal Welfare (IFAW) 
and Care for Wildlife International) support for shoot-on-sight policies for anti-
poaching, with WWF even funding anti-poaching efforts in Zimbabwe which has a 
shoot-on-site policy (Messer, 2010). South Africa permits lethal force in anti-
poaching activities but does not endorse shoot-on-sight policies (Lunstrum, 2014), 
and there are no indications that such a move is forthcoming. What the South African 
government has done, is try to encourage local communities to work against rhino 
poachers in their areas, with cash rewards of ZAR100,000 available for information 
leading to the arrest of heads of poaching gangs and a further ZAR1 million for their 
subsequent conviction (Duffy, 2016; Duffy et al., 2013). 
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Local community engagement in conservation 
This concept of involving local people in conservation action is not new (Nepal, 
2002) and is widely considered to be important in protecting the wildlife in an area. 
Land for conservation has often been taken from local people; displacing them from 
their homes as well as restricting access for agriculture and natural and cultural 
resources (Skonhoft, 2007; Kaltenborn et al., 2005; Skonhoft, 1998; Gibson and 
Marks, 1995), which often results in people living around these areas demonstrating 
notably negative attitudes towards wildlife (Dobson and Lynes, 2008; Skonhoft, 
2007; Mbaiwa, 2005). Most people living close to wildlife habitats do not believe that 
this proximity to wildlife has a role to play in poverty alleviation in their community at 
the household level and this lack of economic benefit negates any positive roles 
wildlife may play in their lives (Kangalawe and Noe, 2012). Several studies (Pienaar 
et al., 2014; Arjunan et al., 2006; Hackel, 1990; Infield, 1988) have found that local 
people usually have positive attitudes towards conservation in general, but are more 
negative, or less interested, when it directly impacts on their daily lives. The concern 
is then that these negative attitudes may lead to poaching (Dobson and Lynes, 2008) 
or other activities not consistent with conservation priorities. The increasing 
militarisation of APUs can further damage these relationships with local communities 
(Hackel, 1990), with the killing of poachers particularly destructive to community-
reserve relationships (Lunstrum, 2014). In southern Africa in particular, this inability 
to access resources and unequal access to land, due to the fact that most private 
land is owned by whites and is therefore inaccessible to the majority black population 
(Humphreys and Smith, 2014), links back to the historical persecution of subsistence 
hunters in order to protect trophy species favoured by colonists (Duffy, 2014) and so 
reflects historical resentment as well as contemporary issues. The increasing 
number of absentee foreign owners of private conservation land in South Africa has 
further contributed to this idea of neocolonialism (Langholz and Krug, 2004). 
As previously discussed, most poaching has links to local communities and so their 
assistance in tackling poaching at its source may reduce the need for continual 
funding of anti-poaching activities (Collier et al., 2001). More consultation with local 
people may encourage them to become part of the solution to conservation problems 
(Duffy et al., 2013), but local communities need to profit from these interactions and 
cannot simply just be part of the anti-poaching activities without additional benefits 
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(Maroney, 2005). One South African based study (Spenceley, 2005) found that 
informers within local communities or informal communication with tribal leaders can 
mitigate poaching problems, but in only one-quarter of the study sites was this a 
mutually beneficial arrangement. The study found that local people do appreciate the 
environmental education that some reserves offer but would prefer compensation for 
living so close to wildlife, or employment. People view conservation more favourably 
when they can directly benefit from it, especially if that benefit is economic, in the 
form of employment (Vodouhê et al., 2010). Direct payment schemes allow local 
communities to work in ways determined by themselves and so are less constraining 
than schemes which require local communities to carry out predetermined activities 
(Ferraro and Kiss, 2002; Nepal, 2002). It is possible that these types of community 
integration schemes may therefore be more successful in engaging local people with 
conservation. 
Payment for ecosystem services (PES), provides landowners with payments for 
working in a manner that protects biodiversity (Ingram et al., 2014). PES can allow 
communities to benefit from biodiversity and can help them to develop new, 
transferable skills, but it does require outside funding (Ingram et al., 2014). In one 
example from Tanzania (Ingram et al., 2014), a tour operator who has operated in 
the area for a long time and is known to the local community, pays villagers a 
US$4,500 fee per year for them to refrain from hunting, making charcoal or raising 
crops in a designated area. The Wildlife Conservation Society (WCS) also pays the 
salaries (US$50 each per month) of four anti-poaching scouts recruited from the 
village. In an area where typical household expenditure is around US$10 per month 
and employment opportunities are limited, this project is an attractive option to the 
local community, but it is unsustainable without continued investment from the tour 
operator and WCS. A further example of PES operating with support from NGOs can 
be found in the privately-owned Atlantic Forest reserves in Brazil (Buckley and de 
Vasconcellos Pegas, 2015). In this instance, NGOs have helped private landowners 
to manage the financial costs of setting up private reserves to protect golden lion 
tamarins (Leontopithecus rosalia). Whilst the authors found NGOs had supported 21 
of the 37 landowners asked, they also found that landowners did not feel they 
received any government support and had not received any payments, despite the 
PES system in this case being based upon taxation relief.  
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The ideal situation would be for local people to choose to become involved in 
conservation without involvement from outside agencies and investment from 
reserve managers. In some instances, that does occur. After incidences of rhino 
poaching in Nepal, a team of local youths, NGO staff and National Parks staff formed 
their own investigative unit and collected information about suspected poachers, 
ultimately catching four members of army personnel in possession of rhino horn, 
tiger bones and rifles (Kock et al., 2008). Similar incidences have occurred in India, 
where local communities have found out about poaching and forced community 
members to hand themselves in (Martin et al., 2009). Alternatively, rather than 
directly involving themselves in conservation, local communities may create their 
own businesses around the opportunities provided by proximity to wildlife, with some 
local people organising trekking parties in Morocco due to their proximity to a 
national park (Shafer, 1999).  
Local people can be encouraged to engage in conservation and provide 
economically for themselves in a variety of manners, through Community Based 
Natural Resource Management (CBNRM) with integrated conservation and 
development projects (ICDPs) being one of the most widely utilised (Johannesen 
and Skonhoft, 2005). The concept of ICDPs is that when local communities have 
rights over the wildlife in their area, in the form of a share of the profits from it, then 
their interests in conservation will increase and poaching and other illegal practices 
will decrease (Johannesen and Skonhoft, 2005), although it must be noted that 
Loibooki et al (2002) found that participation in community conservation schemes 
had no impact on the level of bushmeat poaching by local people. Improvements to 
the welfare of local people are ambiguous and some may simply combine this new 
income stream with their existing activities, which may not be beneficial to 
conservation (Johannesen and Skonhoft, 2005). An assessment of community 
conservation schemes in the Serengeti area of Tanzania (Kaltenborn et al., 2008) 
found that whilst people did benefit in some aspects (supply of game meat, lowered 
taxes, wildlife education and help in tracking lost livestock) from being involved in 
such programmes, they still felt little impact at a personal level. One particular 
community involvement scheme in Botswana, the Khama Rhino Sanctuary Trust 
(KRST), provides an example of these schemes in action (Stone and Stone, 2011; 
Sebele, 2010). Whilst local people have benefited from some employment, rent from 
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workers and funding for the building of an orphanage in the community, they have 
lost access to natural resources, such as firewood and thatching grass, and are not 
represented sufficiently in the management of the KRST to feel any ownership of the 
programme (Stone and Stone, 2011; Sebele, 2010). That local residents are unequal 
stakeholders in such schemes has also been criticised elsewhere (Gibson and 
Marks, 1995). There is also the potential for such economic benefits to be viewed as 
bribes and further imposition of Western values (Ferraro and Kiss, 2002), with local 
people generally employed and having little engagement in the management and 
direction of such projects (Mbaiwa, 2004). 
Alternatively, other ICDPs in Botswana, that encourage local people to be involved in 
the management of the wildlife resources, whilst permitting their consumptive 
utilisation of those resources, have been shown to decrease poaching and improve 
attitudes towards conservation (Mbaiwa, 2005). An ICDP project in northern Canada 
has had significant benefits to local Inuit communities (Freeman and Wenzel, 2006). 
A polar bear (Ursus maritimus) hunting system was set up so that local Inuit 
communities were allocated an appropriate number of tags, which they could then 
choose to use themselves or sell to trophy hunters. They were also provided with the 
training required to operate hunting businesses themselves. Inuit outfitters can 
receive C$19,300 per hunter directly or can operate through outfitters outside of the 
community who can annually pay C$186,700 to locals to act as guides, C$33,350 to 
locals for tags and C$12,670 for supplies. As well as the direct financial benefits of 
this scheme, the local community can sell souvenirs to tourists, are usually left the 
meat from the bear and can offer other products to visitors such as fishing trips and 
cultural tours.  
ICDPs are becoming more prevalent in South Africa, but local conflicts exist with 
traditional uses of thatching grass, which is often burned for management practices, 
and traditional hunting practices (Leach et al., 1999). Leach and colleagues (1999) 
further discuss the inherent implications of these programmes with regards to local 
communities remaining static. They argue that these programmes often act on an 
inherent belief that local communities exist in harmony until they are disrupted by 
outside forces, but that does not necessarily accurately reflect the reality of most 
communities, which are subject to modernity, breakdown of traditional authority and 
immigration. Adams and Hume (2001) further discuss the potential pitfalls of ICDPs, 
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many of which are economic, but they also highlight the importance of 
communication and working effectively with local communities. They illustrate the 
difficulties that can arise when instigating these initiatives and expecting locals to 
work effectively with people who may have been foes for a significant period of time 
and the abiding resentment that may exist. Community conservation initiatives 
cannot be seen as sure-fire methods of protecting conservation and so require 
compromises in both community and biodiversity objectives (Wilshusen et al., 2002; 
Adams and Hume, 2001).  
The conflicts that exist between local communities and conservation initiatives are 
likely to extend to private game farms, yet there is little understanding of the 
relationships between such properties and the people around them. Whilst it is 
widely claimed that most rhino poachers are local people (Warchol et al., 2003; 
Swanepoel, 1998; du Toit, 1998), little work has been undertaken to determine the 
factors which may drive local people to poach rhinos. Chapter 5 of this work explicitly 
considers the local socio-economic environment around poaching hotspots to 
identify factors which may lead local communities to poach. There is also very little 
evidence of rhino owners positively engaging with their local communities, which is 
further explored in Chapter 3 where rhino owners are asked about their relationships 
with the local communities. 
 
Summary 
Conservation of rare species on private land is becoming more prevalent worldwide. 
It has however long been established in Southern Africa. Whilst increases in 
numbers of game species in South Africa since private ownership was permitted 
have been well-studied, the impact that private ownership has had on rhino 
populations has not been analysed. This thesis utilises past surveys of private rhino 
owners (Chapter 2), alongside interviews with private rhino owners and other 
professionals working within the industry (Chapter 3) to assess the conservation 
value of private rhino ownership. In Chapter 2, the range of properties involved in 
private rhino ownership was explicitly considered to assess any move towards the 
large-scale farming of rhinos for their horns. 
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One of the most controversial aspects of private rhino ownership, is the discussion 
around trade in rhino horn. This topic is explicitly considered in Chapter 3, although it 
is also briefly touched upon in Chapter 2. The demand for horn is what has driven 
the substantial increase in poaching in recent years, which is consistently noted to 
be a challenge to private rhino ownership (Chapters 2 and 3). Identifying trends in 
rhino poaching (Chapters 4 and 5) may assist private rhino owners in directing their 
limited anti-poaching capabilities in the most effective manner and may also direct 
law enforcement actions in preventing poaching events and/or apprehending 
offenders. 
The economic costs of anti-poaching activities are considerable and are examined in 
Chapter 2. Chapter 2 also explores the range of different anti-poaching strategies 
utilised on private properties and the associated expenditure. 
Local community issues were considered with regards to poaching links in Chapters 
2 and 3. To assess the true impact local communities may have on rhino poaching in 
an area (and not just the impact perceived by private rhino owners and other 
stakeholders), socio-economic factors of local municipalities are considered in the 
analysis of spatial trends in poaching in Chapter 5. 
Chapter 6 draws all these threads together to produce final conclusions on the 
conservation value of private rhino ownership and the poaching challenges it faces, 
framed in the wider context of private sector conservation. 
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Abstract 
Sustained poaching over the last decade has led to significant loss of black (Diceros 
bicornis) and southern white (Ceratotherium simum simum) rhinoceroses across 
South Africa. Whilst much research focus has been on the heavily targeted state-
owned populations, little research has been undertaken to understand the trends and 
challenges faced by the private sector. We used historical surveys and a present-day 
questionnaire of private rhino owners to assess the trends in private rhino ownership 
across South Africa and the challenges facing the sector for the future. Private rhino 
ownership has increased substantially across South Africa over the past three 
decades, with over 42% of the entire population now in private ownership. Whilst 
total rhino numbers on private land are still increasing, the number of properties 
owning rhinos is declining. A wide range of properties engage in private rhino 
conservation; from very small properties focusing on private recreation and holding a 
range of species amongst similar property types, to very large, isolated, single-
species breeding facilities. Private rhino owners utilise a wide range of anti-poaching 
strategies to protect their stock, with limited information available on their 
effectiveness despite significant expenditure. The economic impact associated with 
increased poaching of rhinos over the last decade is the major challenge to private 
rhino ownership. There is also some unwillingness among private rhino owners to 
follow government registration procedures. The general increase in private rhino 
ownership seen historically may decline as poaching increases and drives a potential 
move towards disinvestment in rhinos. Economic factors may be the factors that 
encourage disengagement in private rhino conservation. Failure to follow registration 
and monitoring procedures may further damage the reputation of the private sector 
as a valuable conservation agent for rhinos. Unless these challenges can be 
resolved, there may be increasing disinvestment by private rhino owners, with 
potential negative implications for South Africa’s rhino population. 
Additional keywords: Poaching; landowners; private conservation; anti-poaching; 
Ceratotherium simum simum; Diceros bicornis 
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Introduction  
Across most of the world, conservation of megafauna is focused within state-owned 
protected areas, and exploitation of species of conservation priority is either not 
permitted or severely restricted. South Africa, Zimbabwe, Botswana and Namibia are 
unusual compared with much of the rest of the world, in that the ownership of wildlife 
in these countries has been largely privatised. So long as landowners have the 
correct permits/certificates in place, they may utilise the wildlife on their land to 
generate income (Pienaar et al., 2017; Taylor et al., 2015; Child, 2012; Muir-
Leresche and Nelson, 2000). Devolving some of the financial responsibility for 
wildlife conservation to the private sector can reduce pressure on under-funded 
governments (Wilson et al., 2017).  
Black rhino (Diceros bicornis spp.) and southern white rhino (Ceratotherium simum 
simum) represent species for which the private sector has become increasingly 
important for conservation since the 1970s. Private landowners can derive income 
from rhinos through tourism, trophy hunting, legal sale of horn within South Africa 
and breeding (Pienaar et al., 2017; Wilson et al., 2017; Taylor et al., 2015; Child, 
2012; Muir-Leresche and Nelson, 2000). In Zambia, it has been shown that 
increased income allows greater investment in anti-poaching measures and may 
also generate further private sector and NGO investment and increased biomass of 
wild ungulates (Lindsey et al., 2014).  
Freehold private land, dedicated to the management of wildlife, has proliferated in 
South Africa, Botswana, Namibia and Zimbabwe since the removal of subsidies for 
livestock rearing and the collapse of international agriculture markets (Carruthers, 
2008). Populations of game species increased substantially in order to take 
advantage of the potential economic gains available, with impala (Aepyceros 
melampus) populations in South Africa increasing more than tenfold between 1950 
and 1974 (Mossman and Mossman, 1976). By 1974, 399 game farms were identified 
in South Africa, with many other mixed game and commercial properties (Carruthers, 
2008). The southern white rhino population of South Africa became part of this 
industry in 1986, when the first commercial sales by auction to private owners were 
held by the Natal Parks Board (Knight, 2015). Black rhino sales followed in 1990 (‘t 
Sas-Rolfes, 1997). Rhino populations in South Africa have increased tenfold since 
private ownership was permitted (DEA, 2013). By the end of 2017, approximately 
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7,500 rhinos were privately owned in South Africa, representing around 42% of the 
whole South African population (Emslie et al., 2019). Longitudinal studies of the 
growth of private rhino ownership in South Africa are however lacking. Given the 
importance of their potential role in raising numbers of individuals, this work aims to 
explore trends in the privately-owned rhino population of South Africa through time in 
relation to the total population. 
It is widely accepted that extensive private reserves contribute to biodiversity 
contribution through the maintenance of natural habitat and protection of native 
species (Cousins et al., 2010; Gallo et al., 2009; Cousins et al., 2008; Jones et al., 
2005; Douglas-Hamilton, 1997), although some have questioned the value of fenced 
properties, particularly where predator control may be utilised or where animals are 
intensively ‘farmed’ (Pitman et al., 2016; Cousins et al., 2010). The role of private 
properties in the WWF’s Black Rhino Range Expansion Project (BRREP) is well 
known (Hayward et al., 2017; Cousins et al., 2008), but it is the conservation value of 
intensive breeding facilities which is more often questioned, particularly in regards to 
genetic management and risks of domestication (Cousins et al., 2008; van der Waal 
and Dekker, 2000). This work explores whether a move towards intensive breeding 
is apparent by considering the number of privately-owned rhinos and the number of 
properties to identify any increases in mean population density. The suggestion that 
these properties have a role in protecting the genetic variety in white rhinos as a 
reservoir for future reintroductions has been posited as defining their conservation 
value (Ververs et al., 2017). IUCN/SSC African Rhino Specialist Group defines 
Important populations as those numbering 20-50 and Key populations as 50-100 
(Key 2) and over 100 (Key 1) animals (Hall-Martin et al., 2009), suggesting that the 
large populations often held on breeding properties do have conservation value. For 
that reason, throughout this work we use the definition of private land conservation of 
Selinske et al. (2015: pg. 282) as any land “owned and administered by individuals, 
communities, NGOs, or corporations with a primary goal of protecting, managing 
and/or ensuring the persistence of biodiversity”. This ranges from extensive areas of 
natural habitat, with rhinos stocked amongst other native species, through to single-
species breeding facilities. Whilst it is known that a range of properties exists, there 
is currently no information available regarding the specifics of this. This work 
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investigates a number of factors alongside the rhino population, such as the priorities 
of the property, the surrounding land uses and the range of other species held. 
The continued increase in contribution of the private sector to rhino populations has 
occurred in the face of continued poaching pressure. Between 1990 and 2005, the 
average number of rhinos poached per year in South Africa was 14 (Milliken and 
Shaw, 2012); this number increased to over 1,000 between 2013 and 2017 (DEA 
2017; DEA 2014). The proportion of these poached on private land is not publicly 
available information, but the Chairman of the Private Rhino Owners’ Association 
has previously stated that approximately 20% of the rhinos poached in South Africa 
were privately owned (Jones, 2013). The South African Department of 
Environmental Affairs (DEA) has attributed this increase in rhino poaching to the 
combined effects of high demand and the international and national bans reducing 
available stock (DEA, 2013). Private rhino owners receive no government or NGO 
funding or support to protect their stock (Rubino and Pienaar, 2018a; Lee and Du 
Preez, 2016; Child, 2012) and so the costs of anti-poaching activities must be borne 
by the individual owners. Alongside a lack of financial support, private rhino owners 
have been noted to show distrust in the government (Rubino and Pienaar, 2018a; 
2018b; Pienaar et al., 2017) with a general consensus that regulation is developed 
by people without an understanding of the relevant matters (Cocklin et al., 2007) and 
that rhino poaching is not a government priority (du Toit, 2006). Current challenges 
due to the recent increase in poaching, distrust of the government and the potential 
economic burden of preventing poaching events are also investigated throughout 
this work. 
Anti-poaching strategies have become more militarised since the 1980s due to the 
need to respond to more heavily armed poachers (Lunstrum, 2014), with greater use 
of technology and techniques originally developed for military use (Duffy, 2014). This 
militarisation of anti-poaching is much more common on state-owned than on private 
land (Shaw and Rademeyer, 2016), but increasing poaching in the last decade has 
led to the development of such militarised actions on private land as well (Lunstrum, 
2014). The costs of protecting privately-owned rhinos have therefore increased 
substantially (Balfour et al., 2015). Increasing costs of rhino protection have been 
linked to preventing reserve expansion in Zimbabwe (Langholz, 1996) and to 
increasing disinvestment in rhinos by private owners in South Africa (Jones, 2013).  
86 
 
Much of the research that has been conducted into anti-poaching strategies has 
focused on emerging technologies, with little research considering the use of 
traditional anti-poaching strategies on private land. This work aims to identify the 
range of anti-poaching strategies currently employed by private rhino owners. The 
widely implemented emerging technologies include the use of unmanned aerial 
vehicles (UAV) or remotely piloted aircraft systems (RPAS), more commonly known 
as drones. The mounting of still and video cameras and audio recorders on RPAS 
presents a wide range of opportunities for their use in anti-poaching activities, with 
some researchers (e.g. Cress and Zommers, 2014) suggesting that they may prove 
to be vital in reducing poaching. The ease of operation of RPAS and their relative 
robustness enhance their usefulness in the field (Gross, 2014) and decreasing prices 
of RPAS (Paneque-Gálvez et al., 2014) are likely to further increase the accessibility 
of RPAS technology. 
However, the factors which make RPAS attractive in anti-poaching activities, also 
make them useful for poachers (Arts et al., 2015). A year-long RPAS test in Kruger 
National Park, initially piloted in the Olifants West area (Schiffman, 2014), found too 
many shortcomings for the programme to continue (Martin, 2017). Whilst the 
company that developed the technology claimed poachers were detected and 
shortcomings were due to lack of integration with the anti-poaching teams, the Park 
authorities claimed that the RPAS failed to identify people amongst animals and 
trees and did not detect any poachers (Martin, 2017). 
Other emerging technologies that have been posited as means to tackle the rhino 
poaching crisis include the use of real-time sensors attached to rhinos (O’Donoghue 
and Rutz, 2016), and acoustic traps to triangulate sources of noise (Cress and 
Zommers, 2014). However, Arts et al. (2015) suggest caution with the development 
of such technologies, noting that real time data sets can be hacked and therefore 
potentially exploited by poachers. They suggest that too much focus on the promises 
of digital technology may close other options prematurely; without full understanding 
of the effectiveness of current, widely used anti-poaching measures, a focus purely 
on emerging technology appears naïve. In particular, understanding the 
effectiveness of less expensive technologies would be especially useful for those 
who generate the funds to undertake such activities themselves. This paper aims to 
87 
 
investigate the effectiveness of anti-poaching activities by considering the timing of 
their implementation and subsequent poaching events on properties. 
In this paper, we evaluate the case of private rhino ownership in South Africa as an 
example of the contribution that the private sector can make to the conservation of 
rare and threatened species, and the challenges it faces in doing so. First, we 
quantify how the private sector ownership of rhinos in South Africa has grown, based 
on historical surveys of private rhino owners. The historical surveys utilised here 
have been used previously to show trends over the course of the survey period for 
specific aspects of rhino ownership (e.g. total population size), but this is the first 
time that several different aspects of the surveys have been combined across the full 
time scale of the surveys. Specifically, we analyse changes in mean population size 
(a factor not explicitly considered until the 2008 survey) to investigate any patterns in 
population density. A trend towards increased population size could indicate a move 
towards a focus on intensive large-scale breeding of rhinos within the private wildlife 
industry. We also consider the proportion of the total population which is protected 
by private rhino owners as a measure of their overall role in rhino conservation.  
Given the effectiveness of questionnaires in assessing perceptions regarding 
ecological management decisions (White et al., 2005) we then designed a new 
questionnaire to investigate the range of properties involved in private rhino 
ownership in more detail. We also examine the priorities of properties and the range 
of anti-poaching measures employed by private rhino owners within South Africa. To 
understand why properties utilise a range of anti-poaching measures we also tested 
whether the number of rhinos on a property, the number of poaching events on a 
property, or the expenditure on security was related to the number of anti-poaching 
measures deployed. Whilst it is very difficult to assess the effectiveness of anti-
poaching strategies, we also aimed to identify whether there was any evidence of 
reductions in poaching after the implementation of specific anti-poaching measures. 
Finally, we used the questionnaire to identify the challenges associated with private 
rhino ownership. Given the potential risk of increasing expenditure on security 
leading to disinvestment in rhinos by private owners, it is important to understand the 
financial challenges rhino owners face to avoid disinvestment potentially reversing 
the historical growth in privately-owned rhino populations. We also anticipated that 
88 
 
the known distrust of the government may prove challenging to private rhino owners 
and so used the questionnaire to investigate the level of compliance among private 
rhino owners with regulations pertaining to the monitoring and recording of rhinos on 
a centralised database. We anticipated that the most recent legislation update, 
Norms and Standards for the Marking of Rhinoceros and Rhinoceros Horn, and for 
the Hunting of Rhinoceros for Trophy Hunting Purposes (2012), may not be fully 
adhered to by all private rhino owners. If this were the case, then the potential for all 
private rhino owners to claim full engagement with conservation of rhinos could be 
damaged. 
 
Methods  
Historical data 
Semi-regular surveys have been carried out on the privately-owned white rhinos of 
South Africa since 1987 (Buijs, 1987). We collated data from the surveys in 1987 
(Buijs, 1987), 1996 (Buijs and Papenfus, 1996), 1997 (Buijs, 1998), 1998 (Buijs, 
1999), 2001 (Castley and Hall-Martin, 2003), 2008 (Hall-Martin et al., 2009) and 
2014 (Balfour et al., 2015). As these results have been analysed prior to release, raw 
data were not available for analysis. Only limited datasets are publicly available for 
black rhinos (Adcock, 2005; Hall-Martin and Castley, 2003) so only white rhino 
trends were analysed. Over time, the methodology for these surveys has changed 
and the questions asked of private owners have also changed. For this reason, only 
trends in number or rhinos and numbers of properties (and therefore average 
population size) have been assessed here. We utilised total white rhino population 
data from across Africa from du Toit (2013) and Emslie et al. (2019; 2013) and 
compared it to the above data on privately owned populations to determine any 
trends across time with respect to the total population. 
 
Questionnaire of private rhino owners 
Due to the expected low completion rate, it was not possible to pilot the 
questionnaire. To ensure private rhino owners would be familiar with the format of 
the questionnaire, we designed a Qualtrics (Qualtrics LLC, Provo, USA) 
questionnaire similar to the 2014 survey of private white rhino owners (Balfour et al., 
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2015). This also allowed us to use some of the same questions, which would enable 
us to compare the results with the Balfour et al. (2015) survey to identify any bias 
due to non-respondence (White et al., 2005). The full questionnaire is available in 
Appendix I. To investigate the range of properties involved in private rhino 
ownership, owners were asked for descriptive information regarding their property 
such as the total area of the property, location, priorities (e.g. conservation, tourism, 
breeding etc.), fencing type, presence of other species, neighbouring land uses and 
the number of rhinos they own. To explore the challenges faced by private rhino 
owners, we also asked for information on the range of anti-poaching measures 
employed on their property, the dates they were initialised, the expenditure 
(manpower or monetary) on each, and the total rhino-specific security costs (over 
and above those which would be required if rhino were not present on their 
property). We also asked the owners to provide details of poaching events which had 
occurred prior to, or subsequent to the instigation of anti-poaching measures, along 
with the number of rhinos on their property at the time (many of the details of the 
poaching events were not required for this chapter, but have been utilised in 
Chapters 4 and 5). To investigate the level of compliance among private rhino 
owners with government registration procedures, we also asked for details of rhino 
monitoring activities.  
Following best practice suggested by White et al. (2005), we used closed questions 
to collate factual information and kept open ended questions as simple as possible. 
Participants were also able to decline to answer any of the questions. Before the 
questionnaire was distributed, ethical approval was obtained from the University of 
York, Environment Department Ethical Review Committee (Appendix II). 
All expenditure was collected and analysed in South African Rand (ZAR), but results 
are presented to the nearest US dollar to facilitate comparison with other work. As 
the questionnaire was live throughout 2016, the IRS yearly average exchange rate of 
$1: ZAR15.319 is used throughout. 
We identified 151 private rhino owning properties by internet searches including the 
terms ‘private’, ‘reserve’, ‘wildlife’, ‘rhino’, ‘big five/5’ and ‘South Africa’. For the 
purposes of this study, all participants are referred to as ‘owners’ as the anonymity of 
the questionnaire meant it was not always possible to identify who had completed it. 
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Where email addresses for the appropriate manager or owner of a reserve could be 
identified, we sent a questionnaire link directly. The positive response rate to the 51 
direct emails was at least 18%. Where email addresses could not be identified, we 
sent an email to the general address provided for the reserve with the subject ‘FAO 
reserve manager/owner’. The positive response rate from these 100 general emails 
was at least 4%. These response rates are broadly in line with those of other 
researchers investigating similar topics (Rubino and Pienaar, 2018b; Rubino et al., 
2018; van der Waal and Dekker, 2000). We also posted the link to the questionnaire 
to a variety of social media groups dedicated to anti-rhino poaching. Where 
members of the group identified themselves as private rhino owners, we sent an 
individual link to the questionnaire. More than 43% of the questionnaire respondents 
remained anonymous and so it is unknown which method of contact they responded 
to and therefore impossible to give definitive response rates to the varying forms of 
communication. For the purposes of confidentiality, figures which could allow 
identification of specific properties have not been included. Not all respondents 
answered every question and so the number of respondents to each question is 
presented in the results. Some owners did not feel comfortable providing details of 
their rhino populations and anti-poaching activities in an online questionnaire, and so 
these were clarified during face to face discussions with some of the private rhino 
owners/managers as necessary. 
 
Data analysis 
For all descriptive statistics, medians have been presented due to the non-
parametric distribution of the data (as determined by Shapiro-Wilk normality test for 
small data sets). Outliers were identified as data points which were at least double 
the next highest point. Further details cannot be provided in order to prevent 
identification of specific properties. Due to the small number of respondents and 
gaps in the data due to owners not answering every question, multivariate analyses 
of the data were not possible. 
In assessing relationships between rhino population size and area of the property, 
Spearman’s correlations were used due to the non-parametric distribution of the 
data. Spearman’s correlations were further used when assessing relationships 
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between expenditure on security and numbers of rhino and area. Where results are 
categorical (increase in expenditure, property priorities, presence of other species 
known to be poaching targets, neighbouring land uses, fencing type and anti-
poaching activities) differences between properties have been assessed using 
Kruskal-Wallis or Mann-Whitney U tests as appropriate due to the normality of the 
data. Due to the number of tests conducted, we utilise a p-value of 0.01 to minimise 
the potential for type-1 errors. All analyses were undertaken in IBM SPSS Statistics 
24 (IBM Corp, Armonk, USA). 
 
Results  
History of private rhino ownership in South Africa 
The surveys of white rhino owners from 1987 to 2008 indicate substantial increases 
in both the number of private properties holding white rhino and the total number of 
white rhinos held (Fig. 2.1a). The most recent survey indicates a decline for the first 
time in the number of properties. These factors taken together indicate an increase 
in the number of individual rhinos held by each property (Fig. 2.1b). Whilst there is 
considerable variation, mean population size per property has increased in line with 
the total population size increase between 1987 and 2014, with the most substantial 
increase between 2008 and 2014. 
Comparing the privately-owned white rhino population to the total white rhino 
population of Africa (Fig. 2.2a) indicates that the privately-owned population has 
increased alongside the overall growth in total population. The decline noted in Fig. 
2.1a has not impacted the overall growth and has been reversed in the 2017 
population figures. Fig. 2.2b indicates that, as a percentage of the total population, 
private rhino ownership has consistently increased.
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Figure 2.1: Trends in privately owned white rhino populations. The lack of availability of raw data has precluded the estimation of distributional statistics. a) Number of private 
properties holding white rhino and total number of white rhinos held, 1987-2014. b) Mean number of white rhinos per property, 1987-2014. 
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Figure 2.2: Trends in total and privately-owned white rhino populations. The lack of availability of raw data has precluded the estimation of distributional statistics. a) Number of 
privately-owned white rhino and total white rhino population held, 1987-2017. b) Percentage of total white rhino population which are privately-owned, 1987-2017. 
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Range of properties holding rhino 
Whilst only 13 properties provided details of the number and age/sex breakdown of 
rhinos on their land, all 23 respondents completed most of the other questions 
regarding property descriptions. 
We found no significant correlation (at p=0.01) between the total area of the property 
and the total number (both white and black) of rhinos held there (p=0.03), including 
after the removal of one very densely populated outlying property (p=0.04). 
Analysing the white rhino population only, also did not indicate any significant 
correlation (p=0.06). The area available to each rhino ranged from 0.04-8 km2, with a 
median of 1.57 km2 (n=13), giving a population density of 0.56 km-2 (range: 0.13-28). 
For white rhinos, the median area was 2.42 km2 (n=13), giving a population density 
of 0.41 km-2 (range: 0.13-28). The number of properties holding black rhinos was too 
small to allow for meaningful analysis.  
Neighbouring land uses varied, with most properties having more than one 
surrounding land use (13% were only alongside other wildlife habitats and 5% were 
fully surrounded by domestic livestock grazing). More than three-quarters of 
properties (78%) were positioned alongside other wildlife habitats, 70% neighboured 
roads and 61% abutted domestic animal grazing. Human habitations bordered far 
fewer properties (35% townships, 17% squatters’ camps, 13% other human 
settlements). When considering combinations of neighbouring habitats, 22% of 
properties were surrounded by roads, domestic livestock grazing and other wildlife 
habitats, 17% were surrounded by both roads and other wildlife habitats, and 13% 
were bordered by roads, domestic livestock grazing, squatters’ camps, townships 
and other wildlife habitats. 
Whilst some properties (3/23) operated as single-species facilities, most held other 
species known to be poaching targets, with 56% holding elephants, 56% keeping 
lions and 65% holding other carnivores. Only 22% of properties had none of these 
species. Ecotourism was identified as the main priority for the properties (39% 
identified this as their primary priority) with conservation as the main secondary 
priority (40%; 29% defined conservation as their primary priority). Kruskal-Wallis 
testing found no differences in the area of a property, or the size of the rhino 
populations due to the priorities of a property. The fencing used to protect properties 
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ranged from those which had no fencing at all (17%), through to properties protected 
by both game and electric fencing (35%). Game fences alone surrounded 17% of 
properties and the remaining 30% had electric fencing only. Kruskal-Wallis testing 
found no differences in the area of a property, or the size of the rhino populations 
due to the type of fencing in place.  Habitat types ranged widely, but most (60%; 
n=20) included open areas of savanna grassland. 
 
Anti-poaching 
Anti-poaching measures undertaken by properties ranged from those which were 
uncommon, such as volunteer patrols (7 out of 23 properties), unstaffed watchtowers 
(6/23), staffed watchtowers (5/23) alarms (7/23) and dehorning (9/23) to those which 
were more widely applied, such as permanent anti-poaching units (APU: 17/23) with 
patrol dogs (12/23), cameras (15/23) and staff patrols (19/23). “Other” anti-poaching 
measures instigated by properties included thermal imaging equipment, light aircraft 
patrols, ground to air communication, on site helicopter response team and SMS 
alerts of fence breaches. The mean number of anti-poaching measures employed by 
the properties was 4.70 (range: 1-8). Kruskal-Wallis testing indicated no differences 
in the number of anti-poaching strategies in place due to the size of property or the 
number of rhinos held. Mann-Whitney testing indicated that there were no 
differences in the use of different anti-poaching strategies due to the size of the rhino 
population or the size of the property.  
Only seven properties provided information on the dates anti-poaching measures 
were adopted (and complete information was provided by only four properties). Most 
anti-poaching measures were instigated after poaching events had occurred. Whilst 
some anti-poaching measures (alarms and staff patrols) had failed to prevent 
subsequent poaching events on any property, others (APU, dogs, cameras, 
watchtowers and dehorning) had proven to be partially effective; deterring 
subsequent poaching events on some properties, but not others. At least five of the 
poached rhinos had been recently dehorned and additional information supplied 
noted that at least 13 had been poached shortly before they were due to be 
dehorned (and so dehorning permits had already been applied for).  
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Challenges to private rhino ownership 
Eleven owners indicated that they had not considered disinvesting in rhino, whilst 
seven indicated that they had (Table 2.1). 
Table 2.1: Priority of property and consideration of disinvestment in rhinos. Number in brackets indicates number 
of properties. 
Properties which have considered 
disinvesting in rhino 
Properties which have not considered 
disinvesting in rhino 
 
Ecotourism (2) Ecotourism (6) 
Conservation (1) Conservation (4) 
Breeding (0) Breeding (1) 
Hunting (2) Hunting (0) 
Private recreation (1) Private recreation (0) 
Research (1) Research (0) 
 
Properties which prioritise ecotourism and conservation appear less likely to have 
considered disinvesting in rhinos than those with alternative priorities. Most of the 
owners who had indicated that they had considered no longer keeping rhinos 
referred to the security costs as the main reason (five provided this as their answer, 
with two not providing a reason), with some also highlighting the risks to their safety 
and that of their families.  
 
Security expenditure 
Twenty-two owners completed most of the section of the questionnaire relating to 
challenges to rhino ownership. Most private rhino owners (81%, n=21) identified 
poachers as the biggest threat to their rhino stock, with some highlighting local 
communities, internal informants, guests and the difficulty in monitoring large areas 
as other particular issues.  
Twenty-one properties indicated increases in security costs over the last decade as 
poaching has increased. One property owner has owned the property for less than a 
decade and the other owner did not answer this question. More than half of 
properties (57%) indicated an increase in expenditure of over 200%, 14% indicated 
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an increase of 100-199%, 24% an increase of 50-99% and the remaining 5% an 
increase of 25-49%. Owners were asked to divide their security expenditure into 
general security costs and those which were rhino-specific. Some owners opted to 
provide only a combined cost. Kruskal-Wallis testing showed no differences in the 
increase in expenditure on security over the last decade due to current security 
expenditure (non-rhino, rhino and combined security), area, total number of rhinos or 
number of white rhinos on the property. After the removal of outliers, the median 
non-rhino security cost was equivalent to $1958/month (n=15: range: $65-10,444), 
the median rhino security expenditure was $4569/month (n=13: range: $653-16,320), 
and the combined total security expenditure each month had a median of $7,833 
(n=15; range: $1,370-28,889). Only three properties provided monthly income 
figures, which ranged widely ($785-815,980) and so it was not possible to compare 
income with expenditure in any meaningful way. One property provided both person 
days and monetary costs for their APU (62 person days and ZAR35,000), therefore 
each person-day on this property cost ZAR564.52 ($36.85). Using this value to 
calculate total rhino-specific security expenditure produced no significant difference 
from the stated expenditure of the other reserves who provided this information 
(Wilcoxon: Z=10.00, p=0.92, n=6). We therefore determined that this was an 
accurate measure of anti-poaching effort and so applied it across the other 
properties. Linear regression suggested that there were no relationships between 
anti-poaching costs and the number of rhinos held (F=4.69, p=0.10, d.f.=1,6) or the 
number of poaching events on the property (F=0.568, p=0.51, d.f.=1,5). 
Spearman’s correlations indicated that combined security costs were not correlated 
with either the total number of rhinos on a property (p=0.026) or the number of white 
rhinos (p=0.032). Mann-Whitney testing indicated no differences in non-rhino 
security, rhino security costs or combined costs due to the anti-poaching activities in 
place. Kruskal-Wallis testing of security expenditure (non-rhino, rhino specific and 
combined) also showed no differences due to the priorities of the property or the 
presence of other species known to be poaching targets. After the removal of two 
outliers, Kruskal-Wallis testing of security expenditure (non-rhino, rhino specific and 
combined) also showed no differences due to the type of fencing installed on 
properties. Kruskal-Wallis testing indicated that there were no significant differences 
between the rhino-specific security costs (H=7.57, p=0.18, n=16), the number of 
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poaching events on the property (H=7.73, p=0.10, n=12) or the increase in security 
expenditure over the last decade (H=2.93, p=0.40, n=22) in relation to the number of 
anti-poaching measures employed on a property.  
In considering the impact of surroundings on security expenditure, we compared the 
various security outgoings (rhino-specific, non-rhino and combined security costs) 
between properties which were bordered by specific land uses and those which were 
not. The only difference which approached significance was that non-rhino security 
expenditure was higher when properties neighbour other wildlife habitats (Mann-
Whitney: U=34, p=0.016, n=15), with a median monthly expenditure of $98 (range: 
$63-783) for properties that do not neighbour other wildlife habitats and $1,306 
(range: $623-3,264) for those that do. Mann-Whitney testing of all other surrounding 
land uses found no differences in non-rhino security expenditure. Further testing 
(Mann-Whitney) of rhino-specific security expenditure and combined security 
expenditure showed no differences due to surrounding land use. 
 
Record keeping 
Only one property opted not to answer any questions regarding their rhino directly. 
Answers regarding record keeping (e.g. what percentage of your rhinos have had 
DNA samples taken and submitted to the RhoDIS System? What percentage of your 
rhino are individually identifiable [through ear notching for example]?) suggest that 
record keeping was variable across properties. Whilst all properties kept the required 
(under the National Environmental Management: Biodiversity Act, 2004) records of 
introductions and movements of animals on and off their properties, some properties 
do not appear to have followed the record keeping requirements for other 
procedures. From 2012 (Norms and Standards for the Marking of Rhinoceros and 
Rhinoceros Horn, and for the Hunting of Rhinoceros for Trophy Hunting Purposes), 
any rhino darted for any reason (such as dehorning or ear notching) must have DNA 
collected and submitted to the national register, yet six properties (Table 2.2) do not 
appear to be adhering to these requirements.  
99 
 
Table 2.2: Discrepancies between procedures and DNA registration 
Property 
Identifier 
Dehorning 
undertaken 
Percentage 
ear 
notched 
Percentage 
registered 
Discrepancy 
3 No 80% 50% Potential that discrepancy 
may be due to some being 
notched before 2012. 
6 Yes 100% 50% Likely discrepancy between 
procedures (notching and 
dehorning) undertaken and 
those registered. 
7 No 70% 0% Likely discrepancy between 
notching procedures 
undertaken and those 
registered. 
8 No 85% black 
rhinos, 
50% white 
rhinos 
Unknown All notched since 2012 should 
be registered. 
15 No 100% 0% Likely discrepancy between 
notching procedures 
undertaken and those 
registered. 
17 Yes 100% 90% Likely discrepancy between 
procedures (notching and 
dehorning) undertaken and 
those registered. 
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Discussion 
Representativeness of questionnaire sample 
Due to the sensitive nature of the information collected, we did not anticipate a large 
sample size (Wright et al., 2016; Davies-Mostert, 2014; Hall-Martin et al., 2009), but 
it was important that it was representative of the private rhino populations of South 
Africa. Despite a relatively low response rate, the total area represented by the 
properties (n=23) was 299,379 ha, which equates to approximately 10% of the area 
estimated to be maintained by private white rhino owners in 2014 (Balfour et al., 
2015). The mean area of the properties was 13,016 ha, which is within 15% of the 
mean size of 11,436 ha determined by Langholz (1996). Six of the nine provinces of 
South Africa were represented in the data. The provinces not represented hold less 
than 3% of the national privately-owned population (Balfour et al., 2015).  
The comparison with the Balfour et al. (2015) survey, to assess any bias due to non-
respondents (White et al., 2005) indicated only minor differences in responses to 
questions which were identical or very similar (supplementary material Table S2.1), 
indicating that the survey sample is representative of the much larger group (n=171) 
included in their survey.  
The total number of rhinos held by the properties who provided this information 
(n=13) was 2,122. Eliminating three exceptionally large populations left a mean 
number of rhinos per property of 28.60 (n=10; range: 5-81). Assuming the remaining 
properties held this mean number of animals indicates an approximate sample of 
2,408 rhinos, which represents 31.34-35.56% of the total privately-owned rhino 
population in 2016 (Knight, 2017; Emslie et al., 2016). The total number of white 
rhinos represented by the data collection was 1989. After removal of three outlying 
populations the mean number of white rhinos per property was 24.50 (n=10; range: 
5-57). Following the extrapolation explained above, the sample represents 2,234 
white rhinos. The questionnaire therefore covers 32.39-36.38% of the private white 
rhino population (Emslie et al., 2016). Subtracting the extrapolated white rhino 
sample from the extrapolated total leaves an estimated 174 black rhinos. Five 
properties detailed black rhino stock to a total of 133 animals. This data set therefore 
represents 21.08-27.58% of the total estimated privately-owned black rhino 
population (Knight, 2017; Emslie et al., 2016). Because a majority of privately-owned 
black and white rhino were not covered by our responses, we suggest caution in 
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drawing conclusions about the entire population of private rhino owners in South 
Africa. Nevertheless, we do consider this sample to be adequate to provide a reliable 
indication of the privately-owned rhino population of South Africa. 
Whilst we consider the sample representative of the privately-owned rhino population 
of South Africa, we acknowledge the limitations in utilising the questionnaire to 
collate the data. The limited response rate, which has prevented an appropriate 
sample size for statistical analysis (White et al., 2005), has resulted in predominantly 
descriptive data. Whilst the option to decline to answer questions is generally 
accepted as good practice in questionnaire design (White et al., 2005), it also 
resulted in gaps in our dataset (Bryman, 2012). Self-completed questionnaires also 
limit the range of questions that can be asked, by restricting open questions and 
eliminating the ability to probe further (Bryman, 2012).  
 
Trends in private ownership of rhinos in South Africa 
The historical increases in the privately-owned white rhino populations of South 
Africa stand in contrast to the general trend for most rhino populations. Black rhinos 
have been classified by the IUCN as ‘endangered’ up until 1994 but have been at a 
higher threat level (‘critically endangered’) more recently (Emslie, 2012a). This 
increase in threat level has also been observed for the Javan rhino (Rhinoceros 
sondaicus; van Strien et al., 2008a) and the Sumatran rhino (Dicerorhinus 
sumatrensis; van Strien et al., 2008b). The Indian rhino (Rhinoceros unicornis) is 
heavily protected in state parks of India and has reversed its decline, moving from an 
IUCN classification of ‘endangered’ in 1996, to ‘vulnerable’ in 2008 (Talukdar et al., 
2008). Increases in private ownership, driven by sales, hunting and ecotourism have 
been linked with the improvement in the classification of the white rhino to its current 
‘near threatened’ status (Emslie, 2012b) and it is clear from our results that private-
ownership of rhinos in South Africa has tracked the increase in white rhino 
populations across Africa, with a generally increasing trend in the proportion of 
rhinos held by private owners. 
A simple change in the numbers of rhinos may not reflect the conservation value of 
private rhino ownership however. The Balfour et al. (2015) survey indicates that nine 
privately-owned populations are classified under the IUCN classifications (Hall-
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Martin et al., 2009) as Key 1, 12 as Key 2 and 25 as Important. With the increasing 
population size noted in Fig. 2.1, there may be an increase in the number of these 
valuable populations, despite a reduction in the overall number of properties if the 
suggested disinvestment continues. Key populations are likely to consist of intensive 
breeding facilities rather than extensive natural habitats (due to the area required for 
such numbers to live in natural conditions) and so the conservation value of these 
may be disputed. If, as claimed by Ververs et al. (2017), these properties can 
maintain natural behaviour and genetic diversity amongst their stock, then they may 
act as reservoirs for reintroductions in the future. With a median population density of 
0.41 white rhino km-2, the populations studied here were generally well within the 
natural ranges observed by Owen-Smith (1975: 3 km-2). Thompson et al. (2016: 0.15 
km-2) and du Toit (2006: 0.1-1 km-2). Using the Rubino et al. (2018) value of 1 km-2 
as a measure of “strong commitment to habitat conservation” (pg. 308) only 4/13 
properties were overstocked for conservation purposes. Three of these were 
breeding facilities and one is a natural habitat, albeit a very small one (250 ha).  
 
Range of properties holding rhinos 
The wide range of properties keeping rhinos is clear from the variety in the structures 
of the properties. Properties ranged from very small areas holding large numbers of 
rhino, through to large expanses of land with very low population densities, without 
any characteristic differences in the management strategies employed. Only the 
properties identified as breeding facilities (3/23) could be perceived to be keeping the 
animals in semi-captive condition, whilst the rest live in extensive systems requiring 
little supplementary feeding (Pienaar et al., 2017) and with minimal human 
interaction. The keeping of other species, anti-poaching activities, area, neighbouring 
land uses, number of rhinos held, and priorities of the properties ranged widely, 
indicating that there is no such thing as a ‘typical private rhino owning property’.   
The analysis of the effectiveness and expenditure on anti-poaching efforts suggests 
that whilst private rhino owners utilise a wide range of anti-poaching measures, none 
appear to be completely effective in deterring subsequent poaching events. We 
found no links between the number of measures implemented and security 
expenditure, or the number of poaching events on a property. We also found no links 
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between anti-poaching effort and the number of rhinos held, the number of poaching 
events, or the number of different measures implemented. 
The results indicated that the implementation of anti-poaching measures was often 
triggered by a poaching event on the property and the range of measures utilised 
varied widely. However, none of the efforts appeared to be completely effective, with 
poaching events occurring on properties regardless of the number or range of anti-
poaching strategies in place. Whilst most of the reserves utilised (presumably 
experienced) staff patrols and (often military; Milliken and Shaw, 2012) trained 
APUs, some reserves deployed volunteers to conduct patrols. Whilst this may be 
cheaper, the quality of patrol provided by volunteers may be questioned (Aung, 
2007). The substantial expenditure associated with extra, trained patrols may be a 
limiting factor in private land anti-poaching efforts as well as on state land. 
In 2015, Taylor et al. calculated the median wage for wildlife industry workers to be 
$224.62 per month, with a mean of $244.34. The analysis completed here found a 
mean person day security cost of $36.85. This suggests a monthly security 
expenditure of $1,031.80-1,142.35 per person. It is therefore clear that a substantial 
proportion of expenditure is over and above that required for staff wages and is likely 
to be spent on items such as equipment, fuel and ammunition. The economics of 
protecting wildlife have been studied elsewhere, including research focused 
specifically on rhinos (e.g. Taylor at el., 2015; Milliken and Shaw, 2012), but there 
was no indication from this study that simply increasing expenditure on anti-poaching 
efforts would reduce poaching. 
The absence of clear links between security expenditure and the number of anti-
poaching measures employed was unexpected and may be due to the limited 
number of properties involved in this study. It is also possible that some of the 
properties with the highest levels of expenditure employ fewer, more expensive 
measures, or that some owners have personal preferences for utilising particular 
methods on their property. A wider-scale project to investigate the cost-effectiveness 
of anti-poaching measures is therefore recommended in order to inform the most 
efficient allocation of the limited funds available for anti-poaching strategies. 
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The challenges of private rhino ownership 
Whilst the range of properties varied widely, challenges faced were almost universal, 
with private owners considering disinvesting in rhino regardless of their main reason 
for operating. Only 35% of owners identified conservation as either their primary or 
secondary priority, but this was higher than any of the other stated priorities and is 
broadly in line with the findings of van der Waal and Dekker (2000) who found 27% 
prioritised conservation. Rubino and Pienaar (2018a; 2018b) identified a passion for 
rhinos and emotional connection to them as the main motivator for keeping them, 
with tourism value also a major consideration (Rubino and Pienaar, 2018b; Wright et 
al., 2016). The economic challenges of protecting rhinos from poaching are an 
important factor in the continuing involvement of private rhino owners in rhino 
conservation, but it may be the case that these issues are not as strong a motivator 
as conservation concerns (Honig et al., 2015; Langholz et al., 2000; van der Waal 
and Dekker, 2000). Properties engaging in ecotourism and conservation were less 
likely to indicate that they had considered disinvesting in rhinos than those identifying 
other priorities, supporting this suggestion that economic gains may not be the main 
motivators of these owners.  
Substantial security expenditure was not unexpected (Rubino and Pienaar, 2018a; 
Rubino and Pienaar, 2018b), with a mean total annual security cost per hectare of 
$41, which sits within the broad (inflation adjusted) range determined by Taylor et al. 
(2014) of $0.83-321, although their calculated mean was much lower at $21. Rhino-
specific security costs have previously been expressed as cost per rhino (Milliken 
and Shaw, 2012; Milner-Gulland et al., 1992), with the mean calculated here to be 
$1,823 per rhino; more than five times the (inflation adjusted) $352 estimated to be 
necessary in 1992 (Milner-Gulland et al., 1992). The (inflation adjusted) $2,436-
3,248 extra rhino security per month required in 2012 (Milliken and Shaw, 2012), has 
now risen to $3,683 per month. The inconsistencies in security expenditure in 
relation to the number of rhinos and the size of the property mirrored the findings of 
Taylor et al. (2014), who also found no significant relationships.  
The variation in record keeping amongst private rhino owners was not unexpected. 
Balfour et al. (2015) and Taylor et al. (2014) found similar inconsistencies in the 
registering of horn stockpiles; Balfour et al. (2015) suggest that the main reason for 
this is distrust in the government agents with whom such stockpiles (and details of 
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rhino stock that have been DNA sampled) would be registered. The suggestion 
made is that this information is too easily leaked to criminal elements and so would 
not remain confidential, thus putting properties and their rhino stock at risk. It is 
known that such corruption allows wildlife trafficking to occur (Duffy and St. John, 
2013) and has been suggested (Shaw and Rademeyer, 2016) that the greater 
economic and development challenges in South Africa have resulted in rhino 
poaching being a lower priority for the government and that lenient sentences have 
undermined conservation activities (du Toit, 2006). Negative perceptions of nature 
conservation policy have been linked to disinterest in conserving forests in Finland 
(Paloniemi and Tikka, 2008) and policy conflicts restricting engagement of farmers in 
the United States (Polasky et al., 1997). Lack of trust in government agencies 
amongst private landowners in South Africa has also been noted by Rubino and 
Pienaar (2018b), Davies-Mostert (2014) and Pienaar et al. (2017). If rhino owners do 
not trust the government (national or provincial) then the disinterest noted in Finland 
may be replicated in South Africa and could potentially lead to disinvestment in rhino 
from the private sector. Increased involvement of private rhino owners in decision-
making processes may help to reduce this.  
 
The future of private rhino ownership 
The future of private rhino ownership in South Africa is unclear; total numbers are 
rising, but after a rapid increase in the number of rhino-owning properties, a 
downturn was recorded for the first time in the 2014 owner survey. Whilst it is 
unclear if this is the start of a decline or not, data from the questionnaire suggest that 
there is a clear risk of private owners disinvesting in rhinos. The risk of disinvestment 
was highlighted at least seven years ago (Endangered Wildlife Trust, 2011) with 70 
properties known to have disinvested in rhino so far (DEA, 2016). The percentage 
that indicated they had considered no longer keeping rhinos (38.89%) is 
considerably lower than the 78.8% identified by Rubino and Pienaar (2018b), but still 
higher than the 18.56% estimated to have disinvested between 2012 and 2014 
(Balfour, et al., 2015), indicating that whilst many owners may be considering 
disinvesting, far fewer have actually done so. Expenditure on security was identified 
as the primary reason for considering disinvestment, but several were also 
concerned about the known risks to personal safety (Rubino and Pienaar, 2018b; 
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Wright et al., 2016; Balfour et al., 2015). For rhino conservation to continue on 
private land, the economic benefits of keeping rhinos must be higher than the costs 
(Rubino and Pienaar, 2017) and so increasing security expenditure may drive further 
disinvestment in the future. Disinvestment may result in more rhinos being held in 
intensive breeding facilities. 
The pattern of average population size may indicate a move towards more intensive 
breeding of rhinos and fewer living in extensive, natural habitats, therefore reducing 
the potential conservation value of the privately-owned rhino population. The 
considerable financial costs of protecting stock may be partially met by trade in rhino 
horn. Whilst owners in this survey were not questioned about their thoughts on horn 
trade, 45.5% of owners in a previous study (Rubino and Pienaar, 2018b) identified 
horn as a good investment, with positive opinions towards horn trade generally noted 
amongst private rhino owners (Rubino and Pienaar, 2018b; Wright et al., 2016). The 
potential may exist for trade in rhino horn to generate the income necessary to fund 
anti-poaching activities and reduce disinvestment amongst private rhino owners 
(Child, 2012). With the reintroduction of domestic trade in horn within South Africa 
since the data for this paper were collected, there may be a potential for the 
generation of required income that has not been captured by this research. Further 
work is needed to assess the potential of this market. 
The lack of trust in government agencies is also a potential threat to the future 
conservation value of private rhino ownership. Failure by some parties to engage 
with conservation policy may damage the claim that the private wildlife industry is 
focused on the conservation of rhinos and may encourage the perception that the 
main focus of private rhino owners is to generate income for themselves. Positive 
opinions towards the trade in horn and a move towards more intensive breeding of 
rhinos could further damage the perception of private rhino ownership as contributing 
to the conservation of rhinos in South Africa. 
 
Conclusions  
Private ownership of rare and threatened species is not common globally but is a 
well-established practice in South Africa. The number of white rhinos kept on private 
land represents a sizeable proportion of the total populations in the country and has 
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contributed substantially to the increase in the total white rhino population and 
subsequent improvement in its IUCN risk rating. The wide range of properties 
involved in private rhino conservation suggest that traditional ideas of large 
expanses of land dedicated purely to conservation may not be the only option for 
successful conservation. The historical increases in population size and the number 
of properties involved in private rhino ownership suggest a keen interest and 
engagement from the private sector in the conservation of these animals. 
However, challenges to private rhino ownership are substantial and are consistent 
across the wide range of properties engaged in the sector. Whilst personal safety 
was a concern to some owners, the major challenges to current and continued 
private rhino conservation are primarily concerned with the substantial increases in 
expenditure due to increasing poaching over the last decade. There is some 
indication of a trend towards more intensive breeding of rhinos, with disinvestment 
likely to be amongst those keeping small numbers of rhinos in natural, extensive 
systems.   
Disinvestment in rhinos due to economic factors and a failure by some parties to 
follow the required regulations regarding monitoring and registering of privately-held 
rhino stocks may work together to damage the perception of private rhino ownership 
as being valuable to rhino conservation. 
Improved cooperation of private owners and reduced corruption in government and 
law enforcement are required to ensure owners are supported and appropriate 
enforcement action is taken during this poaching crisis to reduce the risks of 
disinvestment and the associated potential decrease in the conservation value of 
privately-owned rhinos. To ensure large-scale disinvestment does not occur, it may 
be necessary to support owners financially to continue in rhino protection, or to 
permit the trade in horn to generate income for use in anti-poaching expenditure. 
Sustainable use of wildlife has historical precedence in South Africa and rhino horn 
trade could be considered another step in that development. 
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Supplementary Information 
 
Table S2.1: Comparison of selected results from this survey and the Balfour et al. (2015) survey of private rhino 
owners 
Question Response from this work Response from Balfour et 
al. (2015) 
Mean property size (ha) 9886 9760  
Rhino population density 
(rhino ha-1) 
0.0041 0.0031 
Sex ratio (female/male) 1.49 1.51 
Age class (% calves: sub-
adults: adults) 
23.09: 26.98: 49.93 18.29: 31.57: 50.13 
Non-compliance with 
registration procedures 
(% of respondents) 
27.27 32 
Rhino security 
expenditure (ZAR yr-1) 
29053 21933 
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Chapter 3: Stakeholder perspectives on the value 
and challenges of private rhino ownership in South 
Africa 
 
Preface 
Understanding the perspectives of different stakeholders involved in private rhino 
ownership is essential to assess the conservation value, challenges and future of the 
industry. Assessing perspectives only of private rhino owners and managers 
presents a limited, and potentially biased, picture of the industry. Other stakeholders 
do not have a direct economic benefit from the private ownership of rhinos and so 
may hold different views. Other stakeholders are also likely to interact more with 
local people and guests (particularly the field guides and anti-poaching staff) and 
may also have the ability to influence the views of the wider public, both nationally 
and internationally (such as representatives from NGOs). This work aimed to 
investigate the perspectives of these wider stakeholders and identify areas of 
commonality and discrepancies between their opinions and those of the private 
owners and managers. 
This chapter has been written in the style of Human Dynamics of Wildlife and 
therefore includes American spellings and uses a different referencing system to the 
rest of this thesis. The full citation for the paper is: Chapman, L. A. and White, P. C. 
L. (2019). Stakeholder perspectives on the value and challenges of private 
rhinoceros ownership in South Africa. Human Dimensions of Wildlife, doi: 
10.1080/10871209.2020.1697838 
Piran White is included as a co-author due to his contribution to reviewing and 
editing this work. 
The ethics form for this chapter is available in Appendix III and an example of the 
participant information sheet and consent form given to all interviewees (available in 
both English and Afrikaans) is presented in Appendix IV. 
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Abstract 
The value of private sector rhinoceros conservation in South Africa is a topic of much 
debate, often fueled by controversies surrounding trade in rhinoceros horn. We used 
semi-structured interviews (n = 16) to assess perceptions of private rhinoceros 
owners and other stakeholders regarding the value of the industry and its 
challenges. All stakeholders attested to the conservation value of privately-owned 
rhinoceroses and identified poaching as the main challenge. Most of the private 
owners identified the lack of legal international horn trade as driving the escalation in 
poaching, whereas other stakeholders perceived a wider range of contributing 
factors. The rhinoceros owners mostly favored international trade in rhinoceros horn, 
whereas non-governmental organization representatives were broadly opposed. 
Other stakeholders noted both positive and negative outcomes. Our results suggest 
greater collaboration between private sector stakeholders and government agencies 
will be essential for consensus around future management policies, especially 
concerning divisive options such as trade. 
 
Keywords: private landowners; stakeholder analysis; poaching; horn trade; wildlife 
conservation 
 
Introduction 
As the effectiveness of state management of wildlife is debated (Damania & Hatch, 
2005), more conservation actions are likely to be delegated to private landowners. 
Private lands host a considerable proportion of endangered terrestrial species, 
including some that are absent or not appropriately represented within designated 
protected areas (Wilcove et al., 2004). Private landowners in South Africa, for 
example, conserve a large proportion of the wild rhinoceros population, holding 
around 42% of the total southern white (Ceratotherium simum simum) and black 
(Diceros bicornis spp.) rhinoceros populations (Emslie et al., 2019). Southern white 
rhinoceroses make up the majority (91%) of the privately-owned population, with the 
smaller black rhinoceros comprising only 9% (Knight, 2017). 
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Private rhinoceros owners, therefore, have a potentially important contribution to 
make to rhinoceros conservation. However, there are few peer-reviewed studies of 
the motivations and perceptions of private rhinoceros owners in the country (Rubino 
& Pienaar, 2018a, 2018b), and there is little understanding of the variation in 
perceptions among those involved in the wider rhinoceros industry, including 
tourism. This study aimed to add to the small body of work on this topic (e.g., 
Cousins, Sadler, & Evans, 2008; Pienaar, Rubino, Saayman, & van der Merwe, 
2017; Rubino & Pienaar, 2018a, 2018b; Wright, Cundill, & Biggs, 2016) by 
investigating the perceptions of a range of stakeholders within the private rhinoceros 
owning industry. This study considered perspectives on both conservation value and 
trade in rhinoceros horn among the wider industry involved in rhinoceros ownership.  
 
Given the substantial increase in poaching in recent years (average of 14 
rhinoceroses poached in South Africa per year between 1990 and 2005 to more than 
1,000 per year between 2013 and 2017; DEA, 2019; Milliken & Shaw, 2012), we 
expected poaching to be a major challenge facing private rhinoceros owners, so we 
investigated what they perceived their challenges to be and why they believed the 
poaching situation has reached its current level. There is also a perception that the 
wider public (Rubino & Pienaar, 2018b) and non-governmental organizations 
(NGOs) (Wright et al., 2016) do not understand the conservation contribution of 
private rhinoceros owners. For that reason, we were also interested in investigating 
the potentially differing perspectives of other industry professionals who may have 
alternative views, especially representatives from NGOs and from staff who are likely 
to work more closely with guests (e.g., field guides) and local communities (e.g., field 
guides, anti-poaching staff). Given the range of current pressures on the private 
rhinoceros industry, we also investigated perceptions around future options and 
challenges. This work provides additional views of the current and future state of the 
private rhinoceros industry throughout South Africa, incorporating the views of both 
rhinoceros owners and wider stakeholders. 
 
From February 2009 (Case 57221/12, 2015) to March 2017 (Case CCT/121/16 
2017), domestic trade in rhinoceros horn was not permitted within South Africa, with 
some industry insiders claiming that the current poaching situation has been 
exacerbated by this national moratorium (Milliken & Shaw, 2012; Taylor et al., 2014). 
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The Department of Environmental Affairs had been investigating the feasibility of 
submitting a request to the 17th CITES Conference of Parties (CoP) to reduce 
restrictions on the international trade of rhinoceros horn (DEA, 2015). However, at a 
cabinet meeting on April 13, 2016, it was agreed that South Africa would not submit 
such an application. This decision from the DEA was generally welcomed by 
conservation charities (Save the Rhino, 2016) and widely condemned by private 
rhinoceros owners (Rhino Alive, 2016). This disparity in opinions between NGOs and 
private rhinoceros owners is one factor that we wished to examine in this analysis of 
stakeholders. 
 
We utilized semi-structured interviews with a range of representatives from the 
private rhinoceros-owning industry to assess the thoughts of the wider industry on 
the value of private rhinoceros conservation, their perceptions of challenges to that 
value, and what they perceived to be the future of the private rhinoceros owning 
industry within South Africa. We were interested not only in the perceptions of 
owners and managers, but also individuals and organizations who are able to 
influence public perceptions of private rhinoceros conservation (field guides, anti-
poaching unit [APU] staff, NGO representatives). We aimed to investigate the 
opinions of both private rhinoceros owners and managers, and those of the wider 
private rhinoceros industry to identify areas of commonality and discrepancies in 
their thoughts about private rhinoceros conservation and the future of the industry. In 
doing so, we built on the work of Pienaar et al. (2017), Rubino and Pienaar (2018a, 
2018b), and Wright et al. (2016) by interviewing the wider industry about a range of 
pertinent topics. 
 
Methods 
Private rhinoceros owners and managers were identified for interviews from those 
who completed a previous online questionnaire. Of a total of 10 potential owner and 
manager interviewees initially expressing an interest in further involvement, we 
selected six due to the range of properties they represent. Three breeding properties 
were selected based on a range of sizes (from 150 ha to 8000 ha) and stocking 
densities (3.78 rhinoceroses km2 to 28 rhinoceroses km2). Three properties open to 
visitors were also selected based on the same criteria (area: 250 ha to 6300 ha; 
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stocking density: 0.34 rhinoceroses km2 to 2.4 rhinoceroses km2). One of the visitor-
focused properties was part of the Associated Private Nature Reserves (APNR) 
adjacent to Kruger National Park, and so the owner managed rhinoceroses that 
move onto his land from the national park, but did not himself stock his land with the 
species. Another landowner was not a rhinoceros owner at the time, but was 
developing a management plan to keep rhinoceroses and emailed directly indicating 
a willingness to contribute to this research. 
 
Remaining interviewees were identified through a combination of convenience 
sampling and snowball sampling based on referrals from previous interviewees 
(Bryman, 2012). Five field guides with a range of experience working on multiple 
private properties across South Africa were interviewed, as was an experienced anti-
poaching operative. Representatives of NGOs involved in private rhinoceros 
ownership were also interviewed, including the founder of an NGO that provides 
conservation internships and funding for anti-poaching activities, an ecologist and 
research manager, and a former field guide now involved in managing research and 
education projects across South Africa (total n = 16). 
 
Although we acknowledge the potential for voluntary response bias in this way of 
sampling, where the views of those who chose to participate may vary from those 
who did not (Taylor, Lindsey, & Davies-Mostert, 2015), the sensitivity of the subject 
matter meant it was difficult to recruit interviewees otherwise. Consistent with 
Pienaar et al. (2017), Rubino & Pienaar (2018a, 2018b), and Cousins et al. (2008), 
because our sample size was small, we present our findings here not as quantitative 
results representative of all individuals working in the private rhinoceros ownership 
industry, but as reflective opinions of select individuals within the field. Security 
concerns made it challenging to increase the sample size, but our sample includes 
important (e.g., NGO) stakeholders in this topic (Wright et al., 2016). We have 
represented the views of professionals working within the private rhinoceros 
ownership industry who are likely to impact public opinion of the industry and the 
challenges it faces.  
 
All interviewees were given acronyms (private rhinoceros owner, PRO; private 
rhinoceros manager, PRM; potential private rhinoceros owner, PPRO; NGO 
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representative, NGO; field guide, FG; and anti-poaching unit representative, APU). 
Interviews were conducted in person during the following periods: (a) July and 
August 2016 (PRO1-4, PRM1, PPRO); (b) July 2017 (NGO2, FG1-5); and (c) July 
2018 (NGO3, APU). A Skype interview was conducted with NGO1 in October 2016. 
The APNR landowner (PRM2) was unavailable for an interview, so they completed 
written answers to the interview questions in July 2016. Interviews were conducted in 
English and lasted between 10 and 72 minutes, with the mean being just under 28 
minutes (median = 22 minutes).  
 
During the semi-structured interviews, we asked a number of pre-determined 
questions: 
• Why did you decide to keep rhinoceroses in the first place and what 
challenges have you faced in doing so in the past? (asked to private owners 
only) 
• Do you think private rhinoceros owners have contributed to rhinoceros 
conservation? 
• What do you think has contributed to the poaching situation? 
• What is your relationship with the local community? (asked to owners only) 
• How do you think local communities interact with private rhinoceros owners? 
(asked to non-rhinoceros owners only) 
• What are your views on how the government has managed the rhinoceros 
poaching situation to date? 
• What do you think about the opening of domestic and international trade? 
• What future can you foresee for rhinoceroses in South Africa? 
 
Interviewees were encouraged to discuss topics further, so deviations from the 
predetermined questions were common (Bryman, 2012). All interviews were 
transcribed, anonymized, and initially coded by the first author. Codes were then 
discussed between the authors to identify the themes discussed below (Bryman, 
2012). 
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Results 
Stakeholder perceptions are presented in relation to three main themes: (a) 
conservation of privately-owned rhinoceroses, (b) poaching, and (c) future of 
rhinoceroses in South Africa, including the international trade in horn. Illustrative 
quotes have been provided. 
 
Value of Private Rhinoceros Conservation 
Most owners referred to their “passion” for the species as their reason for keeping 
rhinoceroses, with others also highlighting their attractiveness to tourists and 
importance in maintaining ecosystems. Only PRO3 admitted to being driven purely 
by financial motives, describing himself as “collecting them (rhinoceroses)” and 
noting:  
When it’s extinct, CITES says “oh well!” Then I can take all my horns and 
sell them to who I want…Then my kids will be able to sell it for half a million 
a kilo. 
PPRO described his motivation as one of restoring the natural habitat by stocking 
native species rather than farming domestic livestock. He believed the potential to 
secure an income from rhinoceros conservation would allow him to continue his 
current efforts to create community ownership of the wildlife on his land. 
 
All private owners and managers commented that rhinoceroses are generally easy 
animals to keep with only minor concerns in the past regarding drought and the 
potential for inbreeding; issues that are not specific to just rhinoceroses. All private 
owners and managers felt they contributed to the conservation of rhinoceroses in 
South Africa through the protection and growth of their populations. Interviewees 
who were not private owners or managers were generally enthusiastic about the role 
of private ownership: 
They’ve allowed for extra space for the rhino populations to move into. 
They’re educating the public into the plight of the rhinoceros. Without [a] 
doubt, the private landowners are definitely aiding the conservation of 
rhinoceros. [NGO3] 
If you have the rhinos and you are a private owner, you have the funds to 
protect them. [FG3] 
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NGO2, however, questioned the value of private owners isolated from larger parks:  
They don’t seem to ever go back into large parks. Genetically, I think it’s not 
well managed.  
 
Poaching 
When asked about their thoughts on why rhinoceros poaching had increased 
significantly in the last decade, most interviewees focused on one or two factors.  
Demand! It’s very simple. [PRO3] 
I think it’s because the rhino numbers actually grew to such an extent that 
they were more easily accessed throughout South Africa. [NGO3] 
Private rhinoceros owners tended to focus on the 2009-2017 moratorium that 
prevented legal trade of rhinoceros horn within South Africa: 
The only reason why South Africa was surviving and the rhinos were 
increasing was because legal trade was allowed. [PRO1] 
The moratorium was only noted as an issue by two other interviewees (FG3 and 
FG4). Others noted an increase in rhinoceros horn’s value as a status symbol: 
It is a fallacy to think that the Chinese only use rhino horn for traditional 
Chinese medicine. They do use a huge portion of that for jewellery. [NGO1] 
It’s become a status. It’s become like a “you’re the man” if you have this. 
[FG2] 
 
Only field guides and NGO3 considered the local socio-economic environment to be 
a concern, noting that local unemployment and lack of opportunity may drive some 
people toward poaching as a means of generating income.  
 
Most owners and managers did not consider local communities to be a threat to their 
rhinoceroses, with only PRO3 and PRM2 implicating local people in poaching on 
their property. PRO1 talked about animosity from local people, but also emphasized 
how the presence of rhinoceroses contributed to educational and employment 
opportunities for the local community. PPRO also discussed employment 
opportunities and community ownership of the rhinoceroses that he wishes to stock.  
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Private owners and managers, field guides, and APUs were concerned about 
information leaking out from their employees and visitors to poachers beyond local 
communities: 
Almost 100% of cases, rhino poaching cases, there’s always inside 
information going out. [PRO1] 
It has been an issue in a lot of cases. They tend to give a lot of information 
away and sometimes unknowingly or unwittingly. They’ll be talking on their 
phone and the neighbours will pick it up and word gets passed on and 
eventually information gets into the wrong hands. [APU] 
 
All interviewees felt that the government response to the poaching crisis could be 
improved: 
Terrible; in 10 years, poaching has increased from 20 to 1200 per year and 
South Africa has lost 6000 rhinos. That is by definition proof that the 
government is not coping. [PRO3] 
I think their efforts may be sitting at 40%. I don’t think there’s enough 
political will. [NGO1] 
 
Future of Rhinoceroses in South Africa 
Few interviewees were positive about the future of rhinoceroses in South Africa: 
It feels pretty hopeless most of the time. [PRO4] 
I think we might lose all our rhinos. [PPRO] 
 
FG1, FG2, FG5, APU, NGO2, and NGO3 all felt that rhinoceroses can be saved, but 
believed they would be in a similar situation to the early years of the 20th century, 
with all rhinoceroses held in a single population and protected there. Some were 
concerned about the possibility of rhinoceroses being held in single species breeding 
facilities: 
I think rhinos are going to be in these very small populations that are very 
highly controlled and highly protected. [NGO2] 
Move everybody to the same area and then try and breed them again. 
[FG1] 
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There’s going to be captive rhinos that are bred in captivity and farmed. 
[APU] 
 
Although the private owners and managers were most negative in the future they 
see for rhinoceroses in South Africa, they were all determined to continue keeping 
them for as long as financially possible. All owners and managers highlighted the 
spiralling costs of protecting rhinoceroses from poaching as the main factor that may 
cause them to disinvest in rhinoceroses, with some also mentioning safety concerns. 
Several owners independently brought up the possibility of trade in rhinoceros horn 
as a means of providing the necessary income to protect the species, before they 
were questioned on the topic of trade. 
 
Legal Trade in Rhinoceros Horn 
Several owners stated that there was no reasoning for internal trade without 
international trade, as the market for horn lies outside South Africa. International trade 
was noted by several respondents as a means of generating income to fund anti-
poaching activities. 
 
Only two of the owners and managers interviewed were against the trade in horn 
(both national and international), with PRO4 highlighting that the issue was just one 
aspect of organized wildlife crime. FG5, NGO1, and NGO2 were also vehemently 
against the possibility of trade in rhinoceros horn, with both NGO1 and NGO2 
discussing at length the issues of demand and the ability of South Africa’s rhinoceros 
population to meet that demand. Other interviewees were generally more nuanced in 
their opinions, with NGO3, FG1, FG2, FG3, FG4, and APU all agreeing that although 
they would prefer for there not to be trade in rhinoceros horn, they could see why it 
would be beneficial in the short term as demand reduction programs were believed 
to be too long-term to protect the rhinoceros in the immediate future. All 
interviewees, regardless of their opinions toward trade, felt that if it were to happen, 
then appropriate policies and procedures must be in place. None believed that the 
current South African government processes would secure the future of rhinoceroses 
through effective management of international trade.  
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Discussion 
Value of Private Rhinoceros Conservation 
Consistent with findings by other authors (Rubino & Pienaar, 2018a, 2018b; 
Selinske, Coetzee, Purnell, & Knight, 2015; van der Waal & Dekker, 2000), most 
owners / managers identified their interest in conservation and passion for 
rhinoceroses as their reason for keeping their stock. Most did not focus on the 
potential income that could be generated from the species, supporting the assertion 
that profit is a secondary concern (Langholz, Lassoie, Lee, & Chapman, 2000). 
Although Rubino and Pienaar (2018b) identified private rhinoceros owners’ 
frustration with international NGOs, those within South Africa, alongside other 
industry professionals interviewed here, generally considered private owners to be 
beneficial for rhinoceros conservation. Further engagement by private owners with 
NGOs outside South Africa may help to improve their international image.  
 
Poaching 
When asked to elucidate on why the situation had reached its current state, the 
reasons were varied and broadly split among the stakeholders. Previous studies 
have indicated a belief within the wildlife industry that the moratorium was to blame 
for increased poaching (Milliken & Shaw, 2012; Taylor et al., 2014), with Taylor et al. 
(2014) suggesting that it is “reasonable to consider a possible link between them” (p. 
42). Milliken and Shaw (2012) suggested that this link may be due to the legal 
domestic supply illegally supplying foreign markets before the moratorium. Whether 
the removal of the moratorium will reduce poaching is unknown, but the ability of 
private owners to trade horns may now produce some limited income that many 
respondents felt they needed to continue protecting stocks. 
 
Taylor et al. (2014) also identified the high demand, high price, increased income in 
end-user states, and depleted populations in some other rhinoceros range states as 
being among the driving factors for the increase in rhinoceros poaching; all factors 
that were identified by interviewees in our study. The field guides were more likely to 
consider socio-economic issues within South Africa that may lead local people to 
become involved in ground level poaching. Multiple studies have considered the 
influence of local people on wildlife protection with Kideghesho (2008) noting that 
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poaching may serve as self-compensation for the costs associated with living in 
close proximity to wildlife. Others have considered the impact of distributing benefits 
from wildlife to local communities to improve relationships, including the education of 
community groups and school children (Langholz, 1996), and providing employment 
(Kaltenborn, Nyahongo, Kideghesho, & Haaland, 2008; Langholz, 1996), which were 
noted by interviewees. One community factor that did concern stakeholders was the 
potential for information to be passed to poachers by staff, potentially degrading 
relations between reserves and local communities. 
 
The lack of trust in the government and its ability to stabilize the situation was clear 
from the responses to interviews. The private owners do not receive government 
support (Langholz, 1996; Rubino & Pienaar, 2018b) and do not perceive the 
government as supportive or effective in this manner. This finding mirrors those of 
Rubino and Pienaar (2018a, 2018b) and Pienaar et al. (2017). Without concerted 
government efforts to redress the perceptions of corruption and policy inadequacies, 
the perception of government ineffectiveness seems unlikely to improve. 
 
Future of Rhinoceroses in South Africa 
Respondents were generally pessimistic in their thoughts on the future for 
rhinoceroses in South Africa. Many of the private owners and managers had 
considered disinvesting in rhinoceroses due to financial pressures of protecting them 
from poaching and the potential risks to them and their families (Rubino & Pienaar, 
2018a; Wright et al., 2016).  
 
Some interviewees also considered that rhinoceroses may end up reared in 
intensive farms, whereas others felt that rhinoceroses may eventually become 
extinct. Increased rarity of rhinoceroses would increase the value of their commodity 
and so further increase their drive toward extinction (Angulo, Deves, Saint Jalmes, & 
Courchamp, 2009), after which CITES regulations would not apply (Bulte, Mason, & 
Horan, 2003). Increasing value before extinction would make it beneficial for owners 
themselves to contribute to the decline; a notion defined as “banking on extinction” 
(Mason, Bulte, & Horan, 2012, p. 180). 
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Legal Trade in Rhinoceros Horn 
To prevent the negative outcomes predicted above, many of the owners were 
strongly in favor of international trade in rhinoceros horn, which is consistent with the 
findings of Rubino and Pienaar (2018a, 2018b) and Wright et al. (2016) who also 
found strong support for trade among owners and managers.  
 
The opposing opinions of conservation-orientated NGOs and private owners 
regarding the ethics and practicalities of trade in rhinoceros horn, although not 
unexpected, does raise some considerable difficulties in developing a coherent plan 
for future rhinoceros conservation that will secure widespread support. Wright et al. 
(2016) also found this disparity and suggested that improved dialogue between 
NGOs and owners may improve understanding of the utility of short-term trade in 
conjunction with demand reduction programs. 
 
How trade could be implemented was not formally discussed with interviewees, but 
informal discussions with rhinoceros owners have indicated support for a central 
selling organization (CSO), similar to that previously utilized for diamonds by the De 
Beers Group (Milliken & Shaw, 2012). The low opinions held by the interviewees 
regarding the government suggest that it is unlikely a state-backed agency would be 
supported in managing trade, a finding supported by Rubino, Pienaar, and Soto 
(2018) who identified a government-backed CSO as less popular than one managed 
by a wildlife industry body.  
 
Conclusions 
The conservation value of private rhinoceros ownership is generally accepted within 
the private rhinoceros-owning industry. Greater integration with state-protected 
areas, through the sharing of research and good practice, or through increased stock 
transfer, alongside greater engagement with international NGOs may help to 
increase the visibility of that value to those outside of the industry. Such engagement 
may also reduce concerns and disparity regarding potential trade in rhinoceros horn. 
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Although the rhinoceros managers and owners tended to focus on the lack of supply 
of horn as the major factor contributing to the current poaching crisis, NGO 
representatives tended to focus on high demand. Other interviewees were more 
likely to consider the impact of socio-economic conditions that may lead local people 
to become involved in rhinoceros poaching. We recommend further research on the 
socio-economic conditions of local communities around poaching hotspots to 
investigate this suggested factor. With minimal sales of rhinoceros horn now taking 
place within South Africa, it may also be possible to ascertain whether the lifting of 
the moratorium has any impact in the long term. 
 
To build trust and reduce the perception that the government response to the 
poaching escalation has been poor, we would encourage increased collaboration 
between private rhinoceros owners and government departments. Engagement with 
private owners in developing policies to challenge rhinoceros poaching would further 
improve this perception. 
 
To ensure the future survival of rhinoceros within South Africa and the continued 
engagement of private owners in rhinoceros conservation, we advocate greater 
collaboration and improved communication among all stakeholders (e.g., agencies, 
NGOs, private owners). 
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Abstract 
Poaching on private land may potentially significantly deplete the rhino population 
yet is poorly studied. Understanding patterns of poaching will enable more efficient 
deployment of anti-poaching efforts. This research investigates whether poachers 
who target private land in South Africa show patterns in their activity, by focusing on 
specific times or categories of rhino (in relation to species, sex and age) and whether 
this has changed across time. Using rhino owner and (mainstream and social) media 
reports, we complied a database of private land poaching events between 2003 and 
2017. Trends in poaching activity were broadly consistent over time. Poaching is 
most likely at night, under the full moon, close to the property perimeter. Whilst there 
was no trend across the whole dataset, there was evidence of increased poaching 
during the weekend (Friday-Sunday) compared to weekdays (Monday-Thursday) in 
2017. Prioritising anti-poaching efforts at these times may therefore be the most 
efficient use of limited resources. There was no evidence that poachers selectively 
target rhinos, suggesting that anti-poaching efforts directed at protecting specific 
individuals or groups may be ineffective. Our research also highlighted key data that 
were currently not clearly recorded, including collateral calf deaths and lost 
pregnancies, which may have a significant impact on the scale of the rhino poaching 
problem.  
Keywords: Ceratotherium simum simum; Diceros bicornis; private landowners; social 
media research; environmental crime 
 
Introduction 
Conservation criminology is a recently developed field of research that offers a 
framework for understanding criminal behaviour that impacts upon the natural 
environment (Gore, 2011). The illegal trade in endangered species and their parts is 
one of the best-known examples of such environmental crime (Brack, 2002). Whilst 
attempts to understand the driving forces of poaching are common (e.g. Duffy, 2014; 
Lunstrum, 2014), and often focus on economic drivers of such behaviour (Bulte and 
van Kooten, 1999), research investigating the behaviour of poachers on the ground 
is only recently developing as a field (Beale et al., 2018; Critchlow et al., 2015; 
Rashidi et al., 2015). From a conservation criminology perspective, research is only 
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recently beginning to consider the behavioural drivers of poaching (Moreto, 2019; 
Lemieux, 2014; Kahler and Gore, 2012). 
The poaching of southern white (Ceratotherium simum simum) and black rhinos 
(Diceros bicornis) is of particular importance due to the significant economic gains 
that can be made from the supply of rhino horn (Milliken and Shaw, 2012) and the 
high level of poaching rhino currently face in southern Africa. In 2015, poaching 
deaths represented 5.79% of South Africa’s rhinos (Emslie et al., 2016). With 
increased poaching pressures reducing the white rhino population growth rate in 
South Africa to only 2% per annum (Knight et al., 2015), continued poaching will 
significantly impact upon the future of this species. There is therefore an urgent need 
to understand factors which contribute to poaching incidents. 
The privately-owned rhino population of South Africa is substantial, comprising 33% 
of the national herd of black rhinos (Selier, 2019) and 45% of white rhinos (Emslie et 
al., 2019). Properties range from single species breeding facilities through to 
extensive natural areas, with a mean size of 9,761 ha (range: 54-103,000 ha; Balfour 
et al., 2015). Limited research has been undertaken on rhino poaching in state-
protected areas (Koen et al., 2017), but private reserves tend to be disconnected 
from such research (Maciejewski et al., 2016). This work aims to add to the 
understanding of this topic, by utilising poaching reports to investigate rhino 
poaching incidents on private land across South Africa. Understanding the trends in 
poaching events in relation to when rhinos are poached and which animals are 
targeted may allow for more effective preventative measures. Predicting, and 
therefore potentially preventing, poaching events is much more effective in the long-
term preservation of species than reactive action after a poaching event (Koen et al., 
2017). 
Rhinos have long been regarded as relatively easy to poach due to their generally 
solitary lifestyle, predictable behaviour, ease of approach (Western, 1982) and horns 
which are relatively easy to remove (Kock et al., 2008). In 2016, southern white 
rhinos made up the majority (90.7%) of the privately-owned population, with the 
black rhino comprising only 9.3% (Knight, 2017; Emslie et al., 2016). With their larger 
horns (Martin and Vigne, 2003), white rhinos have been previously noted to be 
preferred poaching targets (Knight et al., 2015; Milliken and Shaw, 2012) and would 
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therefore be over-represented in the poaching statistics, regardless of their larger 
population proportion. Whether this general pattern is replicated in poaching on 
private land only is currently unknown. We hypothesise that this targeting of heavier-
horned individuals would translate into targeting of mature adults over sub-adults or 
calves. Males have heavier horns than females (Pienaar et al., 1991) and we 
hypothesise that males should therefore also be targeted preferentially. Anecdotal 
evidence, collated from informal discussions with private rhino owners, suggest a 
belief that these larger horned individuals are more attractive to rhino poachers and 
so these animals can be selectively dehorned to reduce the poaching risk on the 
property. Identifying whether such selection does occur would provide private rhino 
owners with the evidence needed to determine whether selective dehorning is an 
appropriate use of their limited anti-poaching capabilities.  
Research on the poaching of rhinos on state land has indicated that poachers show 
a preference for poaching during the full moon (Mulero-Pázmány et al., 2014) and 
during twilight hours (Koen et al., 2017). It has also been noted that the level of rhino 
poaching on state land increases through the calendar year towards December 
(Koen et al., 2017; Mulero-Pázmány et al., 2014). There has been no publicly 
available published research on the trends of rhino poaching on private land, and 
there is no evidence regarding the transferability of poaching patterns from state to 
private land. The deployment of anti-poaching activities is therefore usually based on 
anecdotal evidence. Understanding the temporal patterns of poaching risk on private 
land could greatly benefit rhino owners in directing their anti-poaching activities more 
effectively, as different temporal patterns require different preventative actions 
(Ratcliffe, 2004). As private rhino owners receive no government support (Lee and 
Du Preez, 2016), they must fund their anti-poaching activities themselves. Increasing 
costs may reduce the effectiveness of rhino conservation on private land, having 
been linked to preventing reserve expansion in Zimbabwe (Langholz, 1996) and to 
increasing disinvestment in rhinos by private owners in South Africa (Jones, 2013). 
Identifying when anti-poaching actions are likely to be most effective may reduce 
expenditure and serve to mitigate some of these concerns. Whilst there is a wide 
body of work (Barichievy et al., 2017; Cheteni, 2014; Ferreira et al., 2014; Ferreira 
and Okita-Ouma, 2012; Wellsmith, 2011; Martin, 1996a) regarding the effectiveness 
of anti-poaching measures in tackling rhino poaching, private rhino owners 
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themselves are unable to impact upon the causes and drivers of poaching 
behaviour. For them, effective deployment of their anti-poaching capabilities may be 
the best way they can counter the issue. 
Here, we use collated records of rhino poaching incidents on private land between 
2003 and 2017, to identify any patterns in the selection of black and white rhinos, 
and in the selection of age or sex categories of rhinos for poaching. In particular, we 
test our hypotheses that poachers would target the more heavily-horned white rhinos 
and show a preference for the heavier horns of males over females and adults over 
the other age classes. We also investigate whether there are times when poaching is 
more likely on private land. To assess temporal changes in poaching trends, we 
investigate these trends between years. This is the first formal study to investigate 
country-wide data on poacher behaviour patterns on private land in South Africa. 
Previous work on state-owned land has been place-specific, focused on particular 
parks or reserves, whereas this study presents a picture of poaching behaviour 
across the whole country. Our findings provide private owners with a better 
understanding of the factors associated with an increased likelihood of a poaching 
event occurring on their property and so may help them prioritise their anti-poaching 
strategies most effectively.  
 
Methods 
Database 
Data on poaching incidents were obtained directly from 23 private rhino owners and 
from mainstream and social media reports of poaching incidents on private property 
(as these data were publicly available, no ethical process was required for this data 
collection). Private owners were asked to provide details of all previous poaching 
events on their properties (from the questionnaire fully explained in Ch. 2 – Appendix 
I), which provided the earliest event in the final dataset (2003) and comprised a total 
of 48 rhinos poached. For security reasons, the mainstream and social media 
(Facebook) sources utilised have not been disclosed. To ensure the sample was as 
representative as possible, social media groups and pages covering rhino poaching 
at both national (nine sources) and provincial (ten sources covering all provinces 
except Free State, Northern Cape and Western Cape) levels were utilised, alongside 
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national newspaper websites. Social media sources represented a range of interest 
groups, from private rhino owners and anti-poaching groups to citizen engagement 
groups and veterinary organisations involved in the care of rhino orphans.  Incidents 
reported by group members, but not corroborated by further (social) media reports, 
or by the group/page administrators, were discarded, as were reports where it was 
unclear if the incident happened on private land. Where multiple reports were 
suspected to be of the same incident, efforts were made to match details to avoid 
replication of data. After matching details against media reports to eliminate any 
repeats, the owner reports were combined with the media reports to produce a 
dataset of poaching events between 2003 and 2017, totalling 473, covering 127 
properties, across all provinces. All events reported as poaching events were 
recorded, regardless of whether the animal survived and whether the horns were 
removed. To assess the potential future impacts of current poaching on rhino 
populations, data on collateral deaths of calves who died after their mothers were 
poached and pregnancies which were terminated due to the death of the mother 
were also recorded. The method of poaching was also noted, as was whether the 
animals had previously been dehorned by their owners or not. As many of the 
reports did not contain all the required information, the sample size, n, is given for 
each test.  
 
Provincial differences 
We collated the locations of poaching events only to test for any differences in the 
incident or individual data between provinces, which would preclude combining the 
data for further analysis.  We conducted two-way Chi-squared analyses to test 
whether patterns of poaching across months, days and moon phase were consistent 
across provinces. Further two-way Chi-squared analyses identified relationships in 
the selection of individuals for poaching based on species, sex and age category 
across provinces. 
 
Incident data 
To assess temporal trends in poaching events, for each incident, where possible, the 
date, time of day and moon phase were recorded. Moon phase was determined by 
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using a moon phase calendar based on the date of the incident. If more than one 
animal was poached, the incident was only recorded once to avoid pseudo-
replication of results. This resulted in 248 separate incidents for which at least some 
of the data were available. It was not possible to transform many of the variables, so 
the non-parametric distribution of the data, combined with multiple gaps in the 
dataset, precluded the use of multivariate analysis. We used Chi-squared analysis to 
determine whether there were any patterns in the timing of poaching incidents. For 
these analyses, we grouped years together where sample sizes were too small to 
allow for comparisons across time based on individual years. Where initial Chi-
squared testing indicated significant results, post-hoc partial Chi-squared analysis 
was utilised. 
 
Categories of poached rhinos 
To investigate any evidence of selection of specific individuals, the species, age and 
sex of the poached animals were also recorded. All individuals targeted by poachers 
were included in this data set, including those where multiple individuals were 
poached in one incident, giving a total of 300. Whilst some reports identified poached 
animals as adult, calf etc., others gave the age of the individual. Thompson et al. 
(2016) provided a detailed breakdown of the age classes of white rhinos, whilst 
Walpole et al. (2001), defined black rhino calves as those under three years old, sub-
adults as those aged four to seven, and adults as all those over seven years of age. 
Due to the crossover in age categories for both black and white rhinos, the exact age 
of individuals often not being reported, and the fact that individuals may reach sexual 
maturity earlier or later than others, we utilised the broader Walpole et al. (2001) 
definitions in this study. When a pregnant female or one with a calf was poached, 
that female was assumed to be an adult. The sex (1.52 F:M) and age (18.63% 
calves, 29.65% sub-adults and 51.72% adults) ratios from Balfour et al. (2015) were 
used for both species. We used a population ratio of 90.68% white rhino and 9.32% 
black rhino based on Emslie et al. (2016) and Knight (2017). Using these factors, we 
categorised rhinos as male/female, black/white and adult/subadult/calf.  
As the rhino population is biased towards white rhinos, females and adults, for those 
reports which were complete (n=81), the proportion of expected rhinos was 
calculated by dividing the total counts by what would be expected from the 
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composition of the population (using the proportions above) if poached rhinos were 
selected at random. These proportional values were used in a linear regression 
model to identify any effect of species, age or sex in the number of rhinos poached. 
This regression allowed multiple variables to be considered but was constrained by 
the small sample size. Using the above population ratios, we utilised further 
univariate Chi-squared analyses on the available larger sample sizes (sex: n=217, 
species: n=210, age: n=158) to identify whether specific categories were more likely 
to be targeted by poachers than would be expected due to chance (Li et al., 2003). 
 
Results 
Provincial differences 
Due to small expected values, all incident analyses between provinces required the 
combining of KwaZulu-Natal, Mpumalanga, Free State and Gauteng, and also the 
three Cape Provinces (Northern, Eastern and Western). Poaching across the country 
was not related to the day of the week (Two-way χ2(27, n=187)=29.94, p=0.32), 
weekday against weekend (Two-way χ2(7, n=187)=0.73, p=1) or the four major phases 
of the moon (Two-way χ2(15, n=187)=13.76, p=0.54). There was no significant 
difference in poaching levels between different months of the year (Two-way χ2(23, 
n=218)=30.10, p=0.15; months combined into pairs – January/February, March/April 
etc. due to low sample sizes).  
For individual rhino analyses, Mpumalanga was not analysed, as none of the reports 
from that province contained information on the individuals poached. To test our 
hypothesis relating to the selection of males over females across provinces, data 
from Free State, Gauteng, Northern Cape and Western Cape had to be combined 
due to small sample sizes. This analysis indicated no relationship between selection 
for sex and province (χ2(9, n=209)=3.74, p=0.93). Black rhino numbers were too small 
(n=16) for analysis between provinces, but white rhino figures (with Western Cape 
and Free State combined due to small sample sizes) showed no relationship with 
province (χ2(6, n=186)=0.60, p=1). To assess any differences between provinces in 
terms of selection of different age categories, only data from Limpopo, KwaZulu-
Natal and Eastern Cape were sufficient for analysis, and gave no indication of 
differences (χ2(8, n=97)=2.61, p=0.96). 
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As these analyses indicated no differences in poaching trends between provinces, all 
data were combined for further analysis. 
 
Incident data 
We found no evidence to suggest that the day of the week had any significant effect 
on poaching overall (χ2(6, n=195)=2.02, p=0.92), or when data were broken down into 
year groups (2008-2011, 2012-2013, 2014-2015, 2015-2016 and 2017). There was 
also no significant difference between levels of poaching at weekends (Fri-Sun) and 
on weekdays (Mon-Thurs) (χ2(1, n=195)=1.84, p=0.12) across the whole dataset. When 
we compared poaching activity between week days and weekends across the year 
groups, we also found no significant differences for any year (2008-2010 were 
combined due to limited data) except for 2017, when there was a higher level of 
poaching at the weekend (χ2(1, n=45)=5.06, p=0.02). 
An analysis of the impact of moonlight on poaching was conducted by dividing the 
data into quarter phases (0-25% full, 26-50%, 51-75% and 76%+). There was a 
significant difference in poaching between moon phases (χ2(3, n=195)=36.24, p<0.001). 
Partial Chi-squared values indicated that poaching was significantly higher than 
expected when the moon is over three quarters full and significantly lower than 
expected at 26-50% full. A higher frequency of poaching when the moon is 76-100% 
full was found across most time periods (2008-2011, 2012-2014 and 2017; Table 
4.1), although no differences in poaching due to moon phase were found in 2015 or 
2016.  
Table 4.1: Chi-squared analyses of rhino poaching events due to moon phases (significant values are indicated *) 
 All moon phases (d.f.=3) Partial Chi-squared (76-100% 
removed: d.f.=2) 
Year χ2 n p-value χ2 n p-value 
2008-2011 15.59 35 *0.014 4.45 17 0.11 
2012-2014 8.36 53 *0.039 4.55 33 0.10 
2017 10.69 45 *0.013 2.18 25 0.34 
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There were significant differences in poaching events across the months of the year 
(χ2(11, n=228)= 19.75, p= 0.05), but this showed no seasonal pattern. Whilst overall 
poaching tends to increase as the year progresses, we found no significant 
differences in poaching across the months of the different year groups: 2006-2012 
(χ2(11, n=69)=16.74, p=0.12), 2013-2015 (χ2(11, n=71)=13, p=0.29), 2016-2017 (χ2(11, 
n=88)=16.01, p=0.14). Higher levels of poaching occurred in January, March, August 
and October, with lower poaching levels in May, June, July, September and 
December (Fig. 4.1).  
Whilst the exact time of some poaching incidents was reported, many reports simply 
stated ‘early morning’ or ‘day’. Far more poaching events (n=51) occurred at night 
(52.9%), rather than at dawn or dusk (33.3%) or during the day (13.7%). The small 
data set precluded temporal analysis of this data. 
For poaching events where detailed location data were available (n=57), 29.8% 
occurred on the perimeter, 35.1% within 3km of perimeter, 22.8% in the core, 8.8% 
in breeding kamps and 3.5% in bomas. Animals poached near the perimeter were 
mostly poached alongside roads (70.8%), 8.3% alongside roads and settlements and 
20.8% alongside other wildlife habitats (n=24). Where the poaching method was 
provided (n=258), most of the animals were shot (89.2%), 16.7% were darted, four 
were poisoned and one was caught in a snare. Whilst the poisoning and snaring 
incidents were one-off occasions (the poisoning was in 2012 in the Eastern Cape 
and the snaring was in 2011 in Limpopo) and guns were used consistently through 
time and across all provinces, darting of rhinos was predominantly based in the 
Eastern Cape. Darting events did occur in other provinces, but never in more than 
one year. 
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Figure 4.1: Total rhino poaching events by month (2006-2017) 
 
Categories of poached rhinos 
Linear regression to identify any evidence of selection of specific individuals by 
poachers indicated no linear relationship between the number of animals poached 
relative to their proportion in the population due to sex, age or species (F=1.31, 
d.f=1,10, p=0.34). Further univariate Chi-squared analysis of larger datasets 
provided no evidence to suggest that the heavier-horned males were targeted by 
poachers over females (χ2(1, n=217)=0.50, p=0.48), or that larger-horned white rhinos 
were selected over black rhinos (χ2(1, n=210)=0.018, p=0.89). These findings were 
consistent across all years. We also found no indication of selection by poachers in 
relation to the age of rhino (calf, sub-adult or adult) (χ2(2, n=158)=5.86, p=0.053), 
although this was approaching significance. There was no significant selection due 
to age in any year.  
Alongside those incidents recorded as poaching events, a further seven calves were 
recorded as subsequently dying following the loss of their mother and 29 
pregnancies were lost. 
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Discussion 
We were unable to find an official definition of ‘poaching’ from the Department of 
Environmental Affairs (DEA), yet Austin (2019) notes that animals which are 
wounded and subsequently die are not included in the official poaching statistics. 
Previous informal discussions with private rhino owners and social media statements 
issued by some NGOs (Saving the Survivors, 2015) highlight a further belief that 
animals which are not dehorned are also not recorded in the official figures. One 
report included that the cause of death was septicaemia and was therefore not 
officially a poaching death. As it was not possible to determine which events were 
recorded as official poaching events, all were included in the data set. For 2017, the 
dataset represents 41.07% of all the rhino poaching events on private land (Rhino 
Alive, 2018). We do not suggest that this dataset fully represents all poaching on 
private land in South Africa, but rather it broadly represents a general picture of 
poaching events. As we found no evidence of differences in trends in poaching 
activity between provinces, we suggest the following general findings can be applied 
across the whole country. 
 
Incident data 
We found some evidence of a greater level of poaching towards the end of the week 
and at the weekend, as had been suggested during informal discussions with private 
rhino owners, but this difference was only statistically significant for 2017. Further 
analysis of data from 2018 and beyond may indicate if this pattern is continuing. 
As was expected, we found a link between moon phase and rhino poaching, due to 
the increased visibility afforded by a fuller moon improving the poachers’ chances of 
success. Whilst Gwin (2012) suggested that a half moon is preferred by poachers, 
other authors’ findings concurred with ours (Mulero-Pázmány et al., 2014; Milliken 
and Shaw, 2012; Martin, 1996b). However, this pattern was not consistent across all 
years. We found no evidence of poachers focussing their efforts during full moon 
periods in 2015 or 2016, indicating that there may have been a change in poacher 
behaviour during this time. Our finding that poaching was not lower than expected 
when the moon was 0-25% full runs contrary to the general pattern, but it may be 
that some poachers opt to operate under the cover of almost complete darkness. 
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There were differences in the number of poaching events in different months of the 
year, but no consistent trends. Studies on poaching of other species (Haines et al., 
2012) have found seasonal differences in poaching events, as has other research 
focused on rhino poaching, both in Africa (Koen et al., 2017; Mulero-Pázmány et al., 
2014) and in Asia (Martin, 1992). The general reported trend is an increase in rhino 
poaching towards the end of the year (DEA, 2016; Milliken and Shaw, 2012). 
However, the Rhino Alive (2018) data indicate that, in 2017, total poaching peaks 
(state and private land combined) occurred in January, March, May, June, July and 
September and poaching on private land peaked in January and October. The 
poaching peaks in January, March and October apparent in the Rhino Alive data 
were reflected in the dataset analysed here. The Rhino Alive data also suggest 
poaching on private land was lowest in July, November and December, which was 
reflected in our findings of poaching lows in July and December. It is clear that 
poaching is inconsistent across the year and there is no strong evidence from this 
study to suggest it is any more likely to occur during specific months than others. 
The finding that most rhinos were poached at night was also expected. Whilst Koen 
et al. (2017) suggests that twilight is thought to be preferred by poachers and Martin 
(1996b) found Asian rhino poachers were more likely to poach in the early morning 
or late afternoon, anecdotal evidence suggested that night would be preferred by 
rhino poachers. Around a third of poaching events in this study did occur at dawn or 
dusk, supporting the suggestion that these times would also be important for 
poaching. 
Finally, it was anticipated that more rhinos would be poached with guns than by 
other methods, with prior research on rhino poaching in South Africa (Mulero-
Pázmány et al., 2014; Milliken and Shaw, 2012) identifying that poaching by means 
other than shooting the animal is uncommon. Our findings indicate that darting of 
rhinos is primarily confined to the Eastern Cape and is rare elsewhere, suggesting 
that there may be differences in the method of poaching utilised by poachers in 
different provinces. Further information would be required to confirm this.  
The higher frequency of poaching events recorded at the perimeters of properties 
also conforms to the results from other studies, although it must be noted that this 
sample size was limited. Wato et al. (2006), Metzger at al. (2007), and Watson et al. 
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(2013) all found links with poaching and proximity to the perimeter of protected 
areas, with Wato et al. (2006) recommending a 10 km buffer zone along boundaries 
to reduce poaching risk. However, this would not be feasible for most of the private 
properties in our study due to their relatively small size (mean area of properties for 
which owner reports were provided was 13,637 ha). Conducting poaching close to 
the perimeter would reduce the length of time a poacher needs to remain on a 
property and the presence of a nearby road would aid access (Mulero-Pázmány et 
al., 2014). The indication that poaching was low when perimeters were alongside 
roads with settlements suggests an acknowledgement of the risk of being seen 
entering or leaving a property. Martin and Vigne (2003) found greater risks in areas 
with roads and agricultural settlements, but the reserve where their research was 
conducted was mostly surrounded by other wilderness areas and so it may be that 
roads with agricultural settlements were the only points of access to that property. 
 
Categories of poached rhinos 
We found no indication that specific categories of rhinos are targeted preferentially 
by poachers. Whilst Knight et al. (2015) suggest that white rhinos make up 95% of 
poached rhinos (greater than their population contribution), and Milliken and Shaw 
(2012) suggest they are over-represented in the poaching statistics, we found no 
evidence to support that. Contrary to our initial hypothesis, the heavier horn of white 
rhino (Martin and Vigne, 2003) appeared to be irrelevant to poachers when selecting 
a target. There also appeared to be no indication of selection of heavier horned 
(Pienaar et al., 1991) males over females, also contrary to our initial hypothesis. This 
apparent lack of selection towards larger-horned targets is in accordance with the 
assertion by Lee and Roberts (2016) that rational poachers do not poach selectively. 
Poachers are opportunistic; poaching animals they encounter, rather than directly 
targeting individuals (Milner-Gulland and Leader-Williams, 1992). Whilst the 
presence of an individual with a large horn may entice poachers onto a property, 
there is no evidence to suggest that animal would be more likely to be targeted by a 
poacher than any other on the property. Berger et al. (1993) also found no evidence 
of discrimination by poachers between larger and smaller horned individuals of black 
rhinos in Namibia during the early 1990s, suggesting that this aspect of poacher 
behaviour has not varied over time. 
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Our finding that calves were poached in proportion to their abundance in the 
population was unexpected. The South African Department of Environmental Affairs 
(DEA, 2015) states that poachers target adults and leave the calves, but the data 
analysed here suggest that calves are targeted as any other rhino. Many of the 
poaching reports noted that dependent calves were rescued, indicating that not all 
poachers will target them, yet many poachers are clearly targeting even the small 
mass of horn that can be obtained from a calf. The large number of pregnancies lost, 
combined with orphaned calves which subsequently died and the lost reproductive 
potential from poached females suggest that the future impacts of current rhino 
poaching levels may not be fully represented by looking purely at deaths. Given that 
birth and death rates of white rhinos are associated with both density and rainfall 
(Ferreira et al., 2015) management of rhino populations in light of poaching must 
consider wider demographic factors, especially this potential loss of future 
reproduction.   
 
Dehorning 
At least five of the poached rhinos in our study had been recently dehorned. As 
discussed above, the presence of a large-horned individual may encourage 
poachers onto a property and so dehorning may seem prudent. However, the results 
presented here indicate that individuals are not directly targeted, and so selective 
dehorning of individuals may not be effective. Several others were poached after 
permit applications to dehorn them had been made (as noted in some media 
reports). Damania and Hatch (2005) suggest that salaried staff members, where 
income is not dependent upon performance, have no incentives not to accept bribes 
from poachers and it may be the case that this relates not only to reserve workers, 
but also potentially to those involved in production of dehorning permits. Poachers 
are known to take dehorned animals (Berger et al., 1993), but the suggestion that 
there may be an aspect of corruption in the process of securing permits to dehorn, 
leading to properties due to dehorn being specifically targeted, has, as far as we are 
aware, not been thoroughly researched. This potential is however out with the scope 
of this current study. 
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Conclusions  
Rhino poachers do not appear to show strong weekly or monthly trends in their 
poaching activities but are more likely to poach at night and particularly during a full 
moon. There is a suggestion that poachers may be more likely to poach during the 
weekend (Friday-Sunday) rather than during the week. However, given this trend 
was only found for 2017, we recommend further research to identify whether this is a 
continuing pattern. Animals are potentially more vulnerable to poaching when they 
are in close proximity to the perimeter of a property, particularly if a road adjoins the 
property at that point. Anti-poaching efforts may therefore be more effectively 
targeted during the hours between dusk and dawn, especially on nights when the 
moon is full and between Friday and Sunday. Targeted protection along the 
perimeters of reserves would also be prudent. Whilst we have identified some 
specific times when rhino poaching on private land may be more likely, it is important 
to note that outside of these times, even though poaching is less likely, it is not rare. 
Targeted anti-poaching actions are unlikely to eliminate the threat of rhino poaching, 
but on properties where anti-poaching strategies and/or funds are limited, it may be 
more effective to prioritise periods which fit this profile. 
Our results suggest that poachers do not appear to target specific categories of 
rhinos and so we do not believe that any individuals should be considered more at 
risk than others. Whilst we acknowledge that the presence of large-horned 
individuals may entice poachers to enter a property, there is no evidence to suggest 
they will bypass alternative targets in efforts to pursue specific individuals. We 
suggest that the collateral deaths of calves orphaned by poaching and those lost in 
utero be clearly identified within the official poaching statistics to ascertain a full 
understanding of the potential future impact of poaching on rhino populations. 
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Abstract 
Understanding hotspots of rhino poaching on private land may provide useful data 
for enforcement agencies targeting rhino poachers. This research investigates 
spatial trends of rhino poaching across South Africa from 2003 to 2017, utilising 
mainstream and social media reports of poaching events. Potential socio-economic 
risk factors were taken from 2011 census data at municipal level. Hotspot analysis 
indicated poaching is low within the Northern Cape and Western Cape, with hotspots 
in Limpopo, North West, KwaZulu-Natal and Eastern Cape, although poaching is not 
evenly distributed within provinces.  
Areas in close proximity to state or provincial parks holding rhinos, international 
airports and large towns and cities were generally found to be most at risk of 
poaching events. Within the Eastern Cape, poaching is heavily concentrated around 
Port Elizabeth. Socio-economic factors were most heavily linked to poaching in 
KwaZulu-Natal, where there were significant links between poaching and 
unemployment and low engagement in formal education. 
These results indicate that privately-owned rhinos in some areas are at high risk of 
being poached and suggest that enforcement activities targeting rhino poachers 
should be a priority in these areas. Given the associations between rhino poaching 
and education and employment in KwaZulu-Natal, increased government and private 
sector support for education and employment prospects within this province may 
help to reduce rhino poaching.  
Keywords: social media research; hotspot analysis; South Africa 
 
Introduction 
With around 22% of all rhino poaching in South Africa occurring on private land 
(Rhino Alive, 2018) and 25% of the national herd of black (Diceros bicornis) and 45% 
of white rhinos (Ceratotherium simum simum) in private hands (Emslie et al., 2019), 
poaching of privately-owned rhinos represents a sizeable threat to the future of rhino 
populations within South Africa. Poaching has increased substantially since 2007 
with rhino horn estimated to be worth more than gold or cocaine on the black market 
(Massé and Lunstrum, 2016). Such a valuable commodity is a clear target for 
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organised crime and so this work aims to assess hotspots of poaching activities that 
could assist in tackling such poaching on private land. 
This work utilises the principles of hotspot analysis widely used in criminal research 
and applies them specifically to the case of poaching of rhinos on private land in 
South Africa. Investigating hotspots of criminal activity through spatial analysis is an 
emerging field of research, with much of the focus on neighbourhood crime 
(Rummens et al., 2017; Sadler et al., 2017; Twinham, 2017; Wang et al., 2013), but 
a focus on wildlife poaching is also emerging (Beale et al., 2018; Rashidi et al., 2015; 
2016; Critchlow et al., 2015; Piel et al., 2015; Sharma et al., 2014; Haines et al., 
2012). Whilst Koen at al. (2017) investigated rhino poaching within Kruger National 
Park, as far as we are aware, this is the first time efforts have been made to 
investigate hotspots of rhino poaching on private land across the whole of South 
Africa.  
Alongside mapping general patterns of poaching across South Africa, we also aim to 
investigate risk factors which may contribute to these patterns. In particular, we 
consider proximity to state and provincially-owned rhino populations as well as ease 
of trafficking horn from where it was poached to where it can leave South Africa, via 
transport infrastructure such as roads, seaports or international airports. In 
attempting to understand socio-economic impacts on rhino poaching, we also 
investigate individual municipalities to identify socio-economic factors which are 
associated with higher risk to privately owned rhino populations. Identifying hotspots 
at the scales utilised here allows for effective targeting of enforcement action. 
As rhino poaching has increased over time and threats have spread across 
provinces (DEA, 2014), it is important to understand how potential risk factors have 
changed at a local level. For example, Massé and Lunstrum (2016) have noted the 
exceptionally high levels of poaching within Kruger National Park, and poachers in 
the vicinity of the park may move beyond its boundaries to target privately owned 
animals in the region. Similar spill-over poaching pressures may apply to other state 
or provincial reserves holding rhinos. Failure to acknowledge the changing space-
time dynamics of crime and its contributory local risk factors, may lead to ineffective 
management decisions and allow more crime to occur (Wellsmith, 2011; Pressey at 
al., 2007). 
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Whilst some prior research on elephants (Rashidi et al., 2016) found no correlation 
between poaching and proximity to roads, other authors have found that areas of 
reserves alongside roads are the most vulnerable areas (Martin and Vigne, 2003) 
and have suggested that roads are important for ease of access and escape for 
poachers (Moneron et al., 2017; Haines et al., 2012; Swanepoel, 1998). Proximity to 
such access points is often considered in hotspot analysis of poaching (Aziz et al., 
2017; Rashidi et al., 2016; Martin and Vigne, 2003). It has also been suggested that 
areas in close proximity to cities and mines (du Toit, 1998) are more at risk of rhino 
poaching.  
OR Tambo International Airport, Johannesburg, has been acknowledged by the 
South African Department of Environmental Affairs (DEA, 2018; DEA, 2016; DEA, 
2015) as the main exit point for rhino horn leaving South Africa, alongside King 
Shaka International Airport (DEA, 2016), with a TRAFFIC study concluding that 
transport by air is the most common method of removing horn from South Africa 
(Moneron et al., 2017). In contrast, a study of rhino horn sellers in Vietnam found 
that most horn is shipped by sea (Crosta et al., 2017), which was also noted to be a 
means of transporting horn in the TRAFFIC study (Moneron et al., 2017). In 
attempting to understand spatial trends in rhino poaching it is therefore important to 
consider proximity to seaports, airports and to roads leading to Johannesburg, or 
indeed out of South Africa.  
Since it has been stated that rhino poachers are usually local people (Rubino and 
Pienaar, 2017; Warchol et al., 2003; Swanepoel, 1998) from rural settlements (du 
Toit, 1998), understanding the socio-economic environment of the local area is vital 
in determining factors which may contribute to increased rhino poaching. Local 
human populations are often considered in poaching analysis, with Brashares et al. 
(2011) finding strong links between socio-economic factors and the consumption of 
bushmeat and Kühl et al (2009) finding links between poverty and unemployment 
and saiga (Saiga tatarica) poaching. Whilst we acknowledge that individuals will 
have specific motivations driving them towards rhino poaching, the socio-economic 
environment of the local community is likely to impact upon these individuals 
(Mackenzie and Hartter, 2013). Understanding the socio-economic factors that 
contribute to poaching is therefore essential in effectively tackling the problem 
(Critchlow et al., 2015; Humphreys and Smith, 2014). 
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Using the principles devised by Piel et al. (2015) in their study on the spatial 
distribution of snares, and De Valck et al. (2016) researching outdoor recreation 
preferences and substitutability of nature areas, we undertake kernel density 
analysis of rhino poaching events on private land across South Africa between 2003 
and 2017 to identify hotspots of rhino poaching activity. This provides vital 
information for tackling rhino poaching on private land and highlights priority areas 
for action that may be dissimilar to those on state or provincial land. We also 
investigate proximity to other factors that may indicate higher risk (state or provincial 
parks holding rhinos, international airports, major roads, cities, mines and seaports) 
and investigate the socio-economic conditions in areas identified as poaching 
hotspots. Our study provides evidence that can contribute to the effective policing of 
poaching events and trafficking of rhino horn out of South Africa, and in identifying 
the human factors that contribute to rhino poaching. 
 
Methods 
Data collection 
The data utilised in this chapter, were collated from the same database as described 
in Ch. 4. 
Reports directly from private rhino owners and from a combination of mainstream 
(national newspaper websites) and social media sources were combined to produce 
a database of rhino poaching incidents. Private rhino owners provided details of all 
previous poaching events on their properties, comprising a total of 48 rhinos 
poached and providing the earliest report in the data set (2003). Social media pages 
and groups were selected to be as representative as possible and covered both 
poaching at both national (nine sources) and provincial (ten sources covering all 
provinces except Free State, Northern Cape and Western Cape) levels. Social 
media sources represented private rhino owner groups, anti-poaching groups, citizen 
engagement groups and a number of organisations involved in the rescue and 
rehabilitation of wounded rhinos and orphans.  For security reasons, the mainstream 
and social media (Facebook) sources utilised will remain confidential. All possible 
efforts were made to ensure reports were not duplicated and that only events which 
occurred on private land were recorded. The co-ordinates of properties where 
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poaching events occurred were recorded, or of the nearest town if only that 
information was provided. If more than one animal was poached in an incident, the 
event was recorded only once to avoid pseudo-replication of results. Subsequent 
poaching events on the property were recorded as additional data points with a 
different set of co-ordinates within the property boundary or local town. The final 
dataset comprised 473 poaching events between 2003 and 2017, covering all 
provinces of South Africa. All events reported as poaching events were recorded, 
regardless of whether the animal survived or not and whether the horns were 
removed or not.  
Very few poaching events were recorded across the time frame (2003-2017) from 
Mpumalanga (n=16). Data from Balfour et al. (2015) and Rhino Alive (2018) 
indicated high poaching levels in Mpumalanga suggesting that this province was 
under-represented in this dataset. To avoid drawing conclusions from an incomplete 
and potentially unrepresentative sample, the events that were recorded from 
Mpumalanga were not included in any analysis.  
 
Hotspot analysis 
Of the 473 poaching events recorded, 215 locations were identified for hotspot 
analysis. Events were discarded if the location could not be identified accurately (to 
at least the municipality level). The 215 records were divided into six temporal 
groups, of approximately 35, with total poaching figures of around 1,000 in each 
temporal group (2003-2011: 1,086, 2012: 668, 2013-2014: 2,219, 2015: 1,175, 2016: 
1,054 and 2017: 1,028). Poaching records for 2003 to 2011, and 2013 to 2014 were 
combined due to small data sets available for each year individually. The first group 
consisted of 42 locations between 2003 and 2011, the second 31 locations from 
2012, the third 39 locations from 2013 and 2014, the fourth 37 locations from 2015, 
the fifth 35 locations from 2016 and the final group consisted of 31 locations from 
2017. These temporal groups were used to produce maps of poaching hotspots, 
across grid cells of half a degree of latitude (approximately 55.5 x 55.5 km) over the 
whole of South Africa. We opted for half a degree (approximately 3,080.25 km2) as it 
was broadly in line with the median size of the municipalities of South Africa (3,738.5 
km2, range: 236-44,231 km2). All grid cells outside the terrestrial borders of South 
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Africa were excluded (n=503), as were those located within Mpumalanga (n=30), 
leaving 419 grid cells for analysis.  
To visualise spatial patterns in poaching events on private land, we produced kernel 
density maps in R. Kernel density estimation utilised the point data from each 
poaching event to produce smoothed maps of poaching density across South Africa 
to identify hotspots of poaching activity within each temporal group. Kernel density 
estimation allocates each cell a value relative to every other cell (the relative 
poaching score). By converting the maps into raster data, we were able to determine 
the relative poaching score of each grid cell across the time frame. We also 
produced a map identifying hotspots across the entire time period, by combining all 
of the data from the different temporal groups. 
From the map covering the entire time period, the relative poaching scores were 
used as a proxy for poaching risk in each cell for the further analysis described 
below. The relative poaching scores were plotted and formed three clear groups, 
defined as those of low poaching risk (n=316), medium poaching risk (n=60) and 
high poaching risk (n=43) (Fig. 5.1) Kruskal-Wallis analysis (H=237.02, n=419, 
p<0.001) and post-hoc Mann-Whitney testing (low: medium U=-188.00, p<0.001; 
medium: high U=51.50, p=0.03) indicated significant differences between each level, 
confirming that they could be treated independently. 
 
Figure 5.1: Boxplot of relative poaching scores for grid cells separated into low, medium and high poaching 
levels. 
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Proximity analysis 
Using the co-ordinates of the grid cells, the proximity of each cell (measured in 
straight line distance) to the nearest state or provincial park that holds rhino, the 
nearest international airport, the nearest of the 15 largest (defined by population 
size) towns/cities, the nearest major seaport, the nearest mine and the nearest N 
road (national roads which connect major cities) were calculated (Fig. 5.2). Due to 
issues with transforming the data to fit the assumptions of multivariate analysis and 
several complexities created by the close proximity of some of the sites, it was not 
possible to conduct multivariate analysis on this dataset. Each proximity factor was 
therefore analysed separately, with results presented and discussed in light of other, 
potentially confounding proximity factors. 
For each proximity factor, initial correlation (Pearson’s or Spearman’s dependent 
upon the normality of the data) was undertaken to identify any potential relationship 
between proximity to that factor and the relative poaching score of each grid cell. 
The distances were then arranged into groups according to the poaching level of the 
cell (low, medium or high) and any differences between the levels assessed using 
Kruskal-Wallis/ANOVA and post-hoc tests as appropriate according to the 
distribution of the data.  
Proximity analysis was repeated using only the cells for four individual provinces 
(Eastern Cape, KwaZulu-Natal, Limpopo and North West) to assess any differences 
from the national picture. As all of the major mines are concentrated in Limpopo and 
North West, proximity to mines was analysed for these provinces only. As none of 
the cells within the North West or Limpopo are within 440 km of a seaport, proximity 
to seaports was not analysed for these provinces. Provincial analysis was not 
possible for the Western Cape or Northern Cape as all cells fell into the low risk 
category, or for the Free State (low poaching risk: n=42, medium poaching risk: n=3) 
and Gauteng (n=6) due to small sample size. Due to the number of tests conducted, 
we utilise a critical p-value of 0.01 to minimise the potential for type-1 errors.  
 
164 
 
Socio-economic analysis 
Socio-economic data was only available at the municipality scale and so could not 
be reliably combined with the half-degree of latitude scale utilised for the proximity 
analysis. 
The map collating all the poaching event data from 2003 to 2017 was used to allow 
comparisons between local and metropolitan municipalities across the entire time 
scale. Each half-degree of latitude grid cell was allocated to a specific municipality 
according to the location of its central point, providing the relative poaching score for 
that grid cell. Smaller municipalities, which did not cover a whole grid cell, were 
allocated the relative poaching score of the cell they were within. These relative 
poaching scores allowed the municipalities to be allocated poaching levels (low, 
medium, high) as described above. Especially large municipalities which contained 
more than one poaching level (n=11), were assigned a relative poaching score and 
poaching level for both groups. None of the municipalities covered all three poaching 
levels. 
Socio-economic data were collated from the 2011 census of the South African 
population (Statistics SA, not dated). The risk factors explored were those likely to be 
associated with poverty and lack of opportunities; namely unemployment rate (%), 
youth unemployment rate (%), the percentage of people aged 20 and over with no 
formal schooling, the percentage of households which were agricultural, population 
density (people per km2) and the mean number of people per household. Where 
municipalities have been combined since the 2011 census, data were combined. 
One municipality (Collins Chabane Local Municipality) was created by annexing 
parts of other municipalities. The census data for that municipality has therefore 
been left in the original ones. This left a total of 195 municipalities (plus 11 repeats 
as explained above) for analysis. 
As with the proximity analysis, issues with sample size, transforming the data and 
collinearity of variables precluded the use of multivariate analysis. Each socio-
economic factor was therefore analysed individually, with results presented and 
discussed in light of other, potentially confounding socio-economic factors. The 
correlation analysis of relative poaching scores, and ANOVA/Kruskal-Wallis or t-
tests/Mann-Whitney U tests for differences between poaching levels described 
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above, were repeated for the socio-economic data, at both a national and provincial 
(Eastern Cape, KwaZulu-Natal, Limpopo and North West) level. 
 
       
Figure 5.2: Map of South Africa with a) N roads, major national/provincial parks and international airports 
identified b) Provinces, mines (*), ports (   ) and major towns/cities (   ) identified. Due to the number of large 
cities/towns in Gauteng, the province is shown in the inset box in Fig. 5.2b. 
166 
 
Results 
National poaching trends 
Across the whole timescale of the analysis, poaching was concentrated in areas of 
Limpopo, North West, KwaZulu-Natal and Eastern Cape (Fig. 5.3). The most intense 
poaching was found in the north eastern areas of the North West province and the 
southern parts of Limpopo. North eastern KwaZulu-Natal and the southern central 
areas of the Eastern Cape were also heavily targeted. As time progressed, more 
poaching occurred in the Eastern Cape (particularly in 2015 and 2016) and the Free 
State than in earlier years. The Northern Cape and Western Cape showed the 
lowest levels of poaching across the timescale.  
Across the country, relative poaching score showed a clear correlation with proximity 
to the nearest state or provincial park holding rhinos (rs=-0.68, n=419, p<0.001: Fig. 
5.4), with higher poaching found in areas closer to such parks (H=132.75, n=419, 
p<0.001). Post-hoc pairwise comparisons indicated that areas of low level poaching 
are significantly further away from these parks than areas of medium (p<0.001) and 
high (p<0.001) levels of poaching. There was no statistically significant difference 
between medium and high level poaching areas (p=0.82).  
Correlations between relative poaching score and other proximity factors also 
indicated relationships, but it is likely that they were strongly influenced by the high 
number of grid cells with low levels of poaching. The analysis of differences between 
poaching levels indicated that there areas of higher poaching occur significantly 
closer to airports (H=52.81, n=419, p<0.001; Fig. 5.5a). Post-hoc pairwise 
comparisons indicated that areas of low level poaching are significantly further away 
from international airports than areas of medium (p<0.001) and high (p<0.001) levels 
of poaching. There was no statistically significant difference between medium and 
high level poaching areas (p=0.22). There is also higher poaching in areas closer to 
major towns/cities (H=30.36, n=419, p<0.001; Fig. 5.5b). Post-hoc pairwise 
comparisons indicated that areas of low level poaching are significantly further away 
from major towns/cities than areas of medium (p<0.001) and high (p<0.001) levels of 
poaching. There was no statistically significant difference between medium and high 
level poaching areas (p=0.90). 
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Figure 5.3: Hotspot maps of poaching activity on private land in South Africa, 2003-2017. Lighter areas correspond to increased rhino poaching on private land. 
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Figure 5.4: Scatterplot of correlation between relative poaching score and proximity to nearest state or provincial 
park holding rhinos  
 
Poaching was found to be higher further away from the nearest seaport (H=38.19, 
n=419, p<0.001; Fig. 5.5c). Post-hoc pairwise comparisons indicated that areas of 
high level poaching are significantly further away from seaports than areas of 
medium (p<0.001) and low (p<0.001) levels of poaching. There was no statistically 
significant difference between medium and low level poaching areas (p=0.81). 
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Figure 5.5: Boxplots of poaching levels and proximity to nearest a) international airport (with outliers highlighted) 
b) major city/town c) seaport 
c) 
a) 
b) 
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There were no significant correlations between relative poaching score and proximity 
to either roads or mines and there were no statistically significant differences in 
proximity to roads (H=0.69, n=419, p=0.71) and mines (H=0.11, n=419, p=0.15) 
between low, medium and high level poaching areas. Whilst poaching overall was 
not found to be linked to proximity to the nearest N road but was lower in the areas 
closest to the N7, N10 and N14 than in areas closer to many of the other roads (Fig. 
5.6). 
 
Figure 5.6: Poaching level in relation to the nearest N road 
 
None of the socio-economic factors showed any clear correlations with relative 
poaching score nationally. Areas of higher population density were found to be areas 
of higher levels of poaching (H=31.67, n=206, p<0.001; Fig. 5.7a). Post-hoc pairwise 
comparisons indicated that areas of low level poaching have significantly lower 
population density than areas of medium (p<0.001) and high (p<0.001) levels of 
poaching. There was no statistically significant difference between medium and high 
level poaching areas (p=0.18). Both unemployment rate and youth unemployment 
rate were highest in areas of medium level poaching (Figs. 5.7b and 5.7c).  
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Figure 5.7: Boxplots of poaching levels and a) population density b) unemployment rate (with outlier highlighted) 
c) youth unemployment rate 
a) 
c) 
b) 
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Pairwise comparisons indicated that areas of low level poaching have significantly 
lower unemployment than areas of medium levels of poaching (p=0.001). There was 
no statistically significant difference between medium and high level poaching areas 
(p=0.47) or between low and high level poaching areas (p=0.07). For youth 
unemployment, pairwise comparisons indicated that areas of low level poaching 
have significantly lower youth unemployment than areas of medium levels of 
poaching (p<0.001). There was no statistically significant difference between 
medium and high level poaching areas (p=0.49) or between low and high level 
poaching areas (p=0.04). This pattern was also found for the percentage of people 
aged 20 and above with no formal schooling, but the differences were not statistically 
significant at p=0.01 (H=8.80, n=206, p=0.012).The percentage of agricultural 
households (H=4.16, n=206, p=0.13) and the number of people per household 
(H=6.05, n=206, p=0.05) showed no significant differences due to poaching level in 
the local area. 
 
Provincial poaching trends 
Eastern Cape 
Poaching in the Eastern Cape was concentrated around Port Elizabeth, with clear 
correlation between relative poaching score and proximity to the airport (r=-0.65, 
n=65, p<0.001; Fig. 5.8a), and higher poaching found in areas closer to the 
international airport (t=6.00, d.f.=63, p<0.001). Proximity to the nearby national park 
also showed significant correlation with relative poaching score (r=-.085, n=65, 
p<0.001; Fig. 5.8b), with higher poaching found in areas closer to the park (t=8.42, 
d.f.=50.19, p<0.001).  
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Figure 5.8: Scatterplots of correlation between relative poaching score and proximity to a) nearest international 
airport b) state or provincial park holding rhinos within the Eastern Cape  
 
Correlations between relative poaching score and proximity to the seaport and 
nearest major town/city were less clear. However, analysis of differences between 
poaching levels did indicate that areas of higher poaching were significantly closer to 
the major town/city (H=16.26, n=65, p<0.001; Fig. 5.9a) and seaport (H=-0.49, n=65, 
p<0.001; Fig. 5.9b). There were no differences in proximity to the nearest road due 
to poaching level (H=1.33, n=65, p=0.25).  
b) 
a) 
b) 
a) 
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Figure 5.9: Boxplots of poaching levels within the Eastern Cape and proximity to nearest a) major town/city b) 
seaport 
 
None of the socio-economic factors showed any clear correlations with relative 
poaching score within the Eastern Cape. There was no difference in population 
density due to poaching level in this province (U=83.0, n=34, p=0.26), nor where 
there any differences in unemployment rate (t=1.10, d.f.=32, p=0.28), youth 
unemployment rate (U=87.5, n=34, p=0.34) or the number of people per household 
a) 
b) 
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(U=53.0, n=34, p=0.02). In this province, poaching was higher in areas with a lower 
percentage of the population aged over 20 with no formal schooling (t=3.25, d.f.=32, 
p=0.003; Fig. 5.10a) and a lower percentage of agricultural households (U=40.0, 
n=34, p=0.004; Fig. 5.10b). 
 
 
 
 
 
 
 
 
 
 
Figure 5.10: Boxplots of poaching levels within the Eastern Cape and a) percentage of the population aged 20 
and above with no formal schooling b) percentage of properties which are agricultural (with outlier highlighted) 
a) 
b) 
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KwaZulu-Natal 
In KwaZulu-Natal there was a clear correlations between relative poaching score and 
proximity to the nearest state/provincial park holding rhinos (r=-0.95, n=33, p<0.001; 
Fig. 5.11), with areas of high poaching being statistically significantly closer to such 
parks (t=8.14, d.f.=31, p<0.001).  
Figure 5.11: Scatterplot of correlation between relative poaching score and proximity to nearest state or provincial 
park holding rhinos in KwaZulu-Natal  
 
Correlations between relative poaching score and proximity to the nearest major 
town/city were less clear, but analysis of differences between poaching levels did 
indicate that areas of high poaching were significantly closer to major towns/cities 
(t=-4.21, d.f.=18.89, p<0.001; Fig. 5.12).There was no correlation between relative 
poaching score and proximity to the nearest international airport (r=0.12, n=33, 
p=0.51), nor where there any differences in proximity due to poaching level (t=-0.83, 
d.f.=31, p=0.41). The same pattern was found when investigating proximity to the 
nearest seaport, which also showed no significant correlations (r=-0.36, n=33, 
p=0.04) and no difference in proximity due to poaching level (t=1.80, d.f.=31, 
p=0.08). Proximity to major roads also showed no correlation with relative poaching 
score (rs=0.12, n=33, p=0.52) and no difference in proximity between poaching levels 
(U=165.0, n=33, p=0.26). 
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Figure 5.12: Boxplots of poaching levels within KwaZulu-Natal and proximity to the nearest major town/city 
 
None of the socio-economic factors showed any significant correlations with relative 
poaching score within KwaZulu-Natal. There was no difference in population density 
in KwaZulu-Natal due to poaching level (t=-0.006, d.f.=35, p=1.00), nor where there 
any differences in youth unemployment rate (t=-2.66, d.f.=35, p=0.012) or the 
percentage of households which were agricultural (U=214.00, n=37, p=0.20). In this 
province, poaching was higher in areas with a higher unemployment rate (U=257.50, 
n=37, p=0.007; Fig. 5.13a), a higher mean number of people per household (t=-3.10, 
d.f.=35, p=0.004; Fig. 5.13b) and a higher percentage of the population aged over 20 
with no formal schooling (t=-3.51, d.f.=35, p=0.001; Fig. 5.13c). 
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Figure 5.13: Boxplots of poaching levels within KwaZulu-Natal and a) unemployment rate b) mean number of 
people per household c) percentage of the population aged 20 and above with no formal schooling (with outliers 
highlighted)
a) 
c) 
b) 
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Limpopo 
In Limpopo, there was no correlation between relative poaching score and proximity 
to the nearest state or provincial park holding rhinos (rs=0.31, n=44, p=0.04), nor was 
there a difference in proximity due to poaching level (t=-1.40, d.f.=42, p=0.17). There 
was also no correlation between relative poaching score and proximity to the nearest 
road (rs=1.00, n=44, p=0.19) or proximity to the nearest mine (rs=1.00, n=44, 
p=0.70), nor was there a difference in proximity due to poaching level for roads 
(t=0.30, d.f.=21.76, p=0.77) or mines (t=-0.93, d.f.=42, p=0.36). 
There was a clear correlation between relative poaching score and proximity to the 
nearest international airport (rs=-0.79, n=44, p<0.001; Fig. 5.14a), with statistically 
significantly higher poaching found in areas closer to the nearest international airport 
(t=6.90, d.f.=42, p<0.001). Poaching also shows a correlation with proximity to the 
nearest major town/city (rs=-0.99, n=44, p<0.001; Fig. 5.14b) with poaching 
significantly higher nearer to major towns/cities within Limpopo (t=4.96, d.f.=42, 
p<0.001).  
None of the socio-economic factors showed any significant clear correlations with 
relative poaching score within Limpopo. There was no difference in population 
density in Limpopo due to poaching level (t=-0.79, d.f.=23, p=0.47), nor where there 
any differences in unemployment rate (U=46.50, n=25, p=0.51), youth 
unemployment rate (U=45.50, n=25, p=0.46), the  mean number of people per 
household (U=64.0, n=25, p=0.59), the percentage of households which were 
agricultural (t=0.55, d.f.=23, p=0.59) or the percentage of the population aged over 
20 with no formal schooling (t=0.16, d.f.=23, p=0.88). 
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Figure 5.14: Scatterplots of correlation between relative poaching score and proximity to nearest a) airport and b) 
major town/city in Limpopo  
a) 
b) 
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North West 
Within the North West province, poaching was found to be correlated with several 
proximity factors (Fig. 5.15). Poaching increases with closer proximity to the nearest 
state or provincial park holding rhinos (r=-0.88, n=39, p<0.001; Fig. 5.15a), with 
significant differences found in proximity due to the poaching level (F=41.10, 
d.f.=2,36, p<0.001). Post-hoc pairwise comparisons indicated that areas of low level 
poaching are significantly further away from such parks than areas of medium 
(p<0.001) and high (p<0.001) levels of poaching, with high level poaching areas also 
significantly closer than medium level areas (p<0.001). Proximity to the nearest 
international airport was also found to be correlated with relative poaching score (r=-
0.87, n=39, p<0.001; Fig. 5.15b), with significant differences found in proximity due 
to the poaching level (F=28.30, d.f.=2,36, p<0.001). Post-hoc pairwise comparisons 
indicated that areas of low level poaching are significantly further away from 
international airports than areas of medium (p<0.001) and high (p<0.001) levels of 
poaching. There was no statistically significant (at p=0.01) difference between 
medium and high level poaching areas (p=0.0.012), although this was approaching 
significance. There is also a correlation between relative poaching score and 
proximity to major towns/cities (r=-0.84, n=39, p<0.001; Fig. 5.15c), with significant 
differences found in proximity due to the poaching level (F=24.28, d.f.=2,36, 
p<0.001). Post-hoc pairwise comparisons indicated that areas of low level poaching 
are significantly further away from major towns/cities than areas of medium 
(p<0.001) and high (p<0.001) levels of poaching. There was no statistically 
significant difference between medium and high level poaching areas (p=0.06). 
There was no clear correlation between proximity to roads and relative poaching 
score, nor where there any differences in proximity to the nearest road due to 
poaching level (H=3.37, n=39, p=0.19). There was no significant correlation between 
proximity to mines and relative poaching score (r=-0.12, n=39, p=0.47), nor where 
there any differences in proximity to the nearest mine due to poaching level (H=0.33, 
n=39, p=0.85).  
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Figure 5.15: Scatterplots of correlation between relative poaching score and proximity to nearest a) 
state or provincial park holding rhinos b) airport and c) major town/city in North West 
b) 
c) 
a) 
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Within the North West province, relative poaching score showed a clear correlation 
with the percentage of the population aged over 20 with no formal schooling (r=-0.76, 
n=20, p<0.001; Fig. 5.16). Analysis of differences due to poaching level indicated 
significant results (F=10.15, d.f.=2,17, p=0.001) with post hoc testing indicating that 
areas of high poaching have significantly (p=0.001) lower levels of people aged over 
20 with no formal schooling. There was no significant difference between low and 
medium poaching levels (p=0.06) or medium and high poaching levels (p=0.12).  
Figure 5.16: Scatterplot of correlation between relative poaching score and percentage of population aged over 
20 with no formal schooling in the North West 
There were no clear and significant correlations between relative poaching score and 
the other socio-economic factors within the North West. Nor were there many 
differences in these factors due to poaching level, with no significant differences 
found for population density (H=7.46, n=20, p=0.02), the percentage of households 
which were agricultural (F=1.95, d.f.=2,17, p=0.17), the unemployment rate (F=0.58, 
d.f.=2,17, p=0.57) or the youth unemployment rate (F=0.12, d.f.=2,17, p=0.89).  
Whilst the correlations between relative poaching score and the mean number of 
people per household were unclear, poaching was higher in areas with a higher 
mean number of people per household (F=7.73, d.f.=2,17, p=0.004; Fig. 5.17) with 
post hoc testing indicating that areas of high poaching have significantly fewer 
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people per household (p=0.003). There was no significant difference between low 
and medium poaching levels (p=0.43) or medium and high poaching levels (p=0.04). 
 
Figure 5.17: Boxplot of poaching levels and mean number of people per household in the North West  
 
Discussion 
Rhino poaching hotspots 
We conducted the first national assessment of rhino poaching hotspots on private 
land across South Africa, with the exclusion of Mpumalanga province. The poaching 
hotspots we identified are relatively stable across time and indicate high levels of 
poaching in Limpopo, KwaZulu-Natal North West and Eastern Cape. These patterns 
are consistent with the national poaching statistics (DEA, 2018), privately-owned 
rhino poaching statistics from 2017 (Rhino Alive, 2018) and the general pattern of 
private rhino ownership across South Africa (Balfour et al., 2015). The low levels of 
poaching in Northern Cape and Western Cape are also reflected in the official data, 
despite high levels of rhino ownership in the Northern Cape (Balfour et al., 2015). 
KwaZulu-Natal has high levels of poaching in the official data, and appears as a 
hotspot in this analysis, which contradicts the findings of Scott and de Bod (2018) 
who noted very low levels of poaching on private land in that province. The increase 
in poaching in KwaZulu-Natal has been linked to diversification in the import of 
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firearms to Mozambique, from a single importer near the Kruger National Park 
border to individuals operating near the border with KwaZulu-Natal (Austin, 2019). 
Our analysis does suggest a temporary increase in poaching around the central 
areas of South Africa in 2016, but this does not appear to have continued into 2017. 
Whilst the hotspot analysis indicated that Gauteng province has high levels of 
poaching, the privately-owned rhino poaching statistics from 2017 (Rhino Alive, 
2018) indicate very low levels of poaching within this province. It is likely therefore 
that this is due to the inherent limitations of hotspot mapping through kernel analysis, 
which shows a gradual decline from high to low areas, with no defined cut-off point 
(Ratcliffe, 2004).  
Official statistics produced by the DEA until the end of 2014 (DEA, 2014), showed 
similar results to those found here with generally increasing poaching in the Eastern 
Cape, KwaZulu-Natal and Limpopo and inconsistent trends in Gauteng, Northern 
Cape and the Free State. The official statistics show increasing poaching in the 
North West and decreasing poaching in Western Cape, but it must be noted that 
these data refer to all poached rhinos and so are not directly comparable with the 
data analysed here from private land only. As the official data are only produced at a 
provincial level, it is not possible to determine whether the areas within provinces 
highlighted by our analysis (detail not provided for rhino security reasons) are 
poaching hotspots in general, but we consider our analysis reflective of the threat to 
privately owned rhino populations. 
Due to the high level of private rhino ownership in Mpumalanga (Balfour et al., 2015) 
and high representation within the official poaching statistics (DEA, 2018), it is 
reasonable to conclude that privately-owned rhinos within Mpumalanga are also at a 
high risk. Even though there were insufficient records from Mpumalanga for this 
province to be included in the analysis, many parts of the province are highlighted by 
Fig. 5.3 as areas of high poaching concentration. Further collection of data regarding 
poaching events in Mpumalanga would be required to confirm this. 
 
Spatial factors relating to rhino poaching on private land 
In assessing spatial factors which may be linked to rhino poaching on private land, 
we considered those which had previously been identified as risk factors in studies 
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on predominantly public land. At a national level, poaching was higher in areas 
closer to state/provincial parks holding rhinos, international airports and large 
towns/cities. It must be noted that the national picture is likely to be strongly 
influenced by the concentration of private land poaching hotspots around Limpopo 
and the North West particularly. Both of these provinces have large areas dedicated 
to the state or provincial protection of wildlife and both are relatively close to 
Gauteng province, with its large international airport (OR Tambo International 
Airport) and many large, densely populated towns and cities. Whilst it is likely that 
some of these relationships are due to the above noted issues with a lack of cut-off 
points in hotspot analysis (Ratcliffe, 2004) the DEA (21018; 2016; 2015) has 
acknowledged that OR Tambo International Airport is the main route out of South 
Africa for rhino horn. du Toit (1998) highlighted the risk of poaching in areas close to 
large cities and Swanepoel (1998) noted that Gauteng is a hotspot of poachers, 
rather than poaching activity, due to its many thoroughfares, airports and criminal 
syndicates. Whilst we acknowledge the potential issue of cut-off points in hotspot 
analysis, the results presented here suggest that the possible importance of 
proximity to Gauteng in rhino poaching on private land should not be completely 
discounted.  
Contrary to the national picture, within Limpopo there was no relationship between 
poaching and proximity to state or provincial parks holding rhinos. As the Kruger 
National Park forms most of the eastern boundary of Limpopo, few places are far 
from the park and so a relationship may not necessarily be expected. Considering 
poaching in general, and not just that on private land, Kruger has the highest level of 
poaching in South Africa (Massé and Lunstrum, 2016). It would therefore be 
expected that properties close to Kruger could be targeted by poachers already in 
the vicinity. Multiple authors have attributed this high level of poaching to poachers 
crossing the open border between South Africa and Mozambique that runs through 
Kruger (Rubino and Pienaar, 2017; Massé and Lunstrum, 2016; Lunstrum, 2015; 
Lunstrum, 2014; Chaderopa 2013), although both Shaw and Rademeyer (2016) and 
Eloff (2012) have highlighted that many of the poachers in Kruger are South Africans 
and not Mozambicans. There is also an international airport within Kruger National 
Park (Kruger Mpumalanga International Airport), further complicating the 
interpretation of these findings. The provincial analysis for Limpopo did indicate that 
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poaching is higher in close proximity to an international airport but separating a 
relationship between the park and the airport is virtually impossible with the data 
available. The scarcity of data from Mpumalanga further complicates this issue and 
prevents potential separation of these factors. Further data regarding the poaching of 
rhinos on private land within Mpumalanga could potentially mitigate this problem and 
allow these two proximity factors (proximity to the park and to the airport) to be 
separated.   
In KwaZulu-Natal, there was no relationship found between poaching and proximity 
to international airports, despite King Shaka International Airport being very close to 
the city of Durban. The suggestion is therefore that whilst King Shaka International 
Airport may be a major route for rhino horn out of South Africa (DEA, 2016), horns 
are not poached nearby.  
Whilst Crosta et al. (2017) assert that most rhino horn reaches Vietnam by sea, 
proximity to seaports was found to be associated with a lower risk of poaching 
nationally, suggesting that rather than being poached locally, horn is transported 
longer distances to seaports. It must however be noted that the national analysis of 
proximity to seaports is likely to have been substantially influenced by the high levels 
of poaching within the landlocked provinces of Limpopo and the North West. 
KwaZulu-Natal has two major seaports, but poaching was not found to be associated 
with proximity to seaports within this province. However, within the Eastern Cape, 
high levels of poaching were found nearer to seaports, but the largest of these is 
Port Elizabeth, which is in close proximity to the city of Port Elizabeth, an 
international airport and a large national park which holds rhinos. The close proximity 
of these factors means it is not possible to determine if one is a higher risk factor 
than the others, but the general trend indicates that the greater Port Elizabeth area is 
a high risk area for rhino poaching. 
The distribution of mines within South Africa is disparate, with most mining areas 
concentrated within the high poaching regions of Limpopo and the North West and 
most of the rest located in the low poaching areas of the Northern Cape. Despite 
assertions from du Toit (1998), we found no relationship between poaching and 
proximity to mines at either a national level, or within Limpopo or the North West. 
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Whilst several authors have linked poaching with ease of access through major 
roads (Moneron et al., 2017; Haines et al., 2012; Martin and Vigne, 2003; 
Swanepoel, 1998), our findings concurred with those of Rashidi et al. (2016), 
indicating no relationship between poaching and proximity to major roads at either a 
national or provincial level. Areas closest to the N7, N10 and N14 show low levels of 
poaching, but this was not unexpected as a large proportion of each of these roads 
is within the Northern Cape, where poaching is very low.  
 
Socio-economic factors relating to rhino poaching on private land  
To effectively tackle poaching, it is essential to determine the socio-economic factors 
which may be driving such actions (Critchlow et al., 2015; Humphreys and Smith, 
2014). Socio-economic analysis at a national level provided inconsistent results. 
Whilst previous authors (Mulero-Pázmány et al., 2014; Messer, 2010; Kühl et al., 
2009) that poachers are poor local people, we found no conclusive evidence to fully 
support this. The only socio-economic risk factor associated with increased rhino 
poaching on private land at a national level was increased population density. 
However, given the associations discussed above with proximity to large cities, 
particularly the densely populated areas of Gauteng, this is unsurprising. Population 
density was not found to be linked to poaching in any of the provincial analyses 
undertaken. 
There was no evidence of the purported association (du Toit, 1998) between rhino 
poaching and rural communities, with no relationships found between poaching and 
the percentage of households in an area which are agricultural at a national level, or 
within most of the provinces analysed. The opposite relationship was found within 
the Eastern Cape, where poaching was higher in areas which were less agricultural. 
Again, this is likely to be due to the focus on Port Elizabeth previously discussed, but 
the differing scales available for proximity and socio-economic data prevented the 
combining of these data and so precluded the possibility of identifying combined 
spatial and socio-economic patterns. 
The number of people per household has historically been utilised as a measure of 
poverty (Randall and Coast, 2015), which could explain the link between increased 
poaching in areas with higher people per household in both the North West and 
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KwaZulu-Natal. Unemployment rate was found to be associated with poaching only 
in KwaZulu-Natal, supporting the idea that poaching in this province may be 
undertaken by poor local people (Mulero-Pázmány et al., 2014; Messer, 2010; Kühl 
et al., 2009). The lack of a link to unemployment within the North West province, 
suggests that this may not be the case in this area and the most recent information 
available on poverty within provinces in South Africa (Statistics SA, 2017) indicates 
that generally the North West suffers less poverty than KwaZulu-Natal, which has the 
highest level of poverty within South Africa. Economic success has been identified 
as a driving factor in increasing household size (Randall and Coast, 2015). Whilst 
traditionally poverty required large households, relative economic success can also 
attract an increased number of dependents.  
A more positive indication for the future, is that youth unemployment was not found 
to be associated with increased poaching either nationally or at provincial level 
(although this was approaching significance within KwaZulu-Natal). There were also 
few links found between poaching and the proportion of the population aged over 20 
who have no formal schooling (again, this factor was approaching significance 
nationally). Whilst a lack of formal schooling was found to show a link with increased 
poaching in KwaZulu-Natal, this may be associated with the significant poverty in the 
province discussed above. In both the North West and Eastern Cape, the inverse 
relationship was found, whereby poaching was higher in areas where fewer people 
had no formal schooling. Swanepoel (1998), found that similar results to those found 
here, with 60% of poachers having an education above grade 10 in that study. 
Again, this is likely due to the relative wealth of the North West and strong links to 
the city of Port Elizabeth. 
Whilst it may be the case that poor, local people have been linked to rhino poaching 
in the past, or are associated with poaching on public land, we have found no clear 
indications that socio-economic factors can be linked to rhino poaching on private 
land outside of KwaZulu-Natal. The noted risks of poaching by local people (Dobson 
and Lynes, 2008; Warchol et al., 2003) appear to apply to privately-owned rhinos in 
this province only. Engagement of local people through employment in conservation 
has been widely discussed in the literature (e.g. Brashares et al., 2011; Vodouhê et 
al., 2010) and ought to be considered to aid in the protection of privately-owned rhino 
populations in KwaZulu-Natal. Encouraging engagement with education and 
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increased opportunities for employment would have consequences far beyond just 
that of reducing rhino poaching and would contribute positively to the social and 
economic stability of KwaZulu-Natal as a whole. However, to be effective at this 
scale will require considerable effort and prioritisation from central and provincial 
government. 
 
Conclusions 
Spatial patterns of rhino poaching on private land mainly reflect national poaching 
trends across all ownership types (private, provincial and national) and the patterns 
of concentration of privately-owned rhinos across the country. Owners in these areas 
should consider their stock to be at risk of poaching. Law enforcement efforts should 
also be targeted appropriately in areas where poaching is most likely to occur. 
Collation of data on poaching events in Mpumalanga is needed to enable 
identification of poaching hotspots within that province. 
Spatial trends are not even across the country, with poaching generally higher in 
areas close to international airports, large towns and cities and state or provincial 
parks which hold rhinos. Within the Eastern Cape, poaching is focused around Port 
Elizabeth. Actions aimed at deterring poaching activity should therefore be focused 
around these high-risk areas and privately-owned rhino populations within these 
areas should be considered to be at risk. Whilst there are large numbers of privately-
owned rhinos in the Northern Cape, poaching is low across the province.  
In exploring the possible root causes of poaching behaviour, our socio-economic 
analyses indicate few links out with KwaZulu-Natal. Within this province there is a  
link between rhino poaching on private land and unemployment and low engagement 
in formal education. Focus on improving the prospects of local human populations 
within KwaZulu-Natal, particularly those in close proximity to populations of privately-
owned rhinos, may help to address this. It may be beneficial for private rhino owners 
to engage more with local people, particularly in terms of employment opportunities. 
Participation in education and the potential for employment within the wildlife 
industry, or assistance to own their own rhinos may help to engage local people with 
rhino conservation rather than poaching.  
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This study is the first attempt to examine the behaviour of rhino poachers on private 
land in South Africa. In light of the current poaching crisis, this work also assesses 
the conservation value of private rhino conservation across South Africa and the 
challenges faced by private rhino owners.  
This chapter provides: 
• A summary of the findings of this work in light of the initial aims and objectives 
• An evaluation of the methodology used 
• A wider discussion of issues raised by the work: 
o The accuracy of poaching statistics 
o How rhino poaching may change in the future 
o The role of private rhino owners in the conservation of rhinos in 
the future 
o Legal international trade in rhino horn 
o Local community engagement in private rhino conservation 
• Suggestions for further work that could be carried out to further the collective 
knowledge on both the efficacy of private-sector rhino conservation and the 
challenges faced by private rhino owners due to poaching 
• Final conclusions and recommendations 
 
Summary of findings 
There were two main aims of the research. The first was to assess the conservation 
value of privately-owned rhino populations in South Africa and the challenges private 
rhino owners face. The second was to understand the spatial, temporal and socio-
economic factors that have contributed to the substantial increase in rhino poaching 
that has occurred in the last decade – the major challenge faced by private rhino 
owners. 
The conservation value of private rhino ownership and the challenges they face were 
considered through the use of historical surveys of private rhino owners (Chapter 2), 
a questionnaire of private rhino owners and managers (Chapter 2) and interviews 
with a variety of stakeholders involved in private rhino management and 
conservation (Chapter 3). Having understood that poaching was the major challenge 
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faced by private rhino owners, the temporal (Chapter 4), spatial and socio-economic 
(Chapter 5) factors associated with poaching on private land were assessed. How 
this challenge has been tackled through the use of a variety of anti-poaching 
strategies was also investigated (Chapter 2). 
 
To achieve the two main aims, several objectives were identified, as follows: 
1. To identify the role of private rhino owners in the resurgence of the southern 
white rhino from a species numbering less than 50 to one now numbering 
over 18,000. 
The analysis of historical surveys of private rhino ownership conducted in Chapter 2 
indicates increasing numbers of rhinos held on private land and a generally 
increasing number of properties engaged in this practice. There was however some 
evidence of a failure by some parties to follow the required regulations regarding 
monitoring and registering of privately-held rhino stocks.  
The analysis of stakeholder undertaken in Chapter 3 indicates that private rhino 
owners and managers were generally clear on the conservation value of their 
animals and felt they were providing a valuable conservation resource. Most 
stakeholders directly employed by private rhino owners also felt that private rhino 
owners provide a valuable conservation role, but some NGO representatives 
question the conservation value of private rhino ownership.  
 
2. To explore the range or properties engaging in private rhino conservation. 
 
The Chapter 2 questionnaire of private rhino owners identified a wide range of 
properties engaging in private rhino ownership, from single-species breeding 
facilities, to large properties consisting of a wide range of species living in their 
natural environment with minimal human contact. Most were found to hold rhinos at 
a population density described (Rubino et al., 2018) as a measure of “strong 
commitment to habitat conservation” (pg. 308). There was evidence however of a 
potential move away from extensive areas of land dedicated to wildlife management 
towards more intensive breeding of rhinos on single-species properties. This, 
combined with support for trade in rhino horn identified in the stakeholder analysis in 
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Chapter 3, may damage the perception of private rhino ownership as being valuable 
to rhino conservation. 
 
3. To explore the range of anti-poaching strategies employed by private rhino 
owners. 
 
The analysis of anti-poaching strategies in Chapter 2 identified a wide range of anti-
poaching strategies utilised by private rhino owners, from volunteer anti-poaching 
patrols and unmanned watchtowers, through to trained anti-poaching units with dogs 
and on-site helicopter response teams. Security expenditure is not linked to the 
number of anti-poaching strategies utilised, nor to the level of poaching on a 
particular property. 
Anti-poaching strategies tend to be deployed after a poaching event, but none have 
proven to be completely effective on all properties, with subsequent poaching events 
occurring regardless of the number or range of anti-poaching strategies in place. 
 
4. To explore the perspectives of different stakeholders involved in private rhino 
ownership. 
 
Whilst there was general consistency in views on the conservation value of private 
rhino ownership, the stakeholder analysis in Chapter 3 identified some other areas of 
disagreement. When asked to assess the reasons why poaching has increased so 
much in recent years, stakeholders tended to focus on different areas. Rhino owners 
and managers considered the lack of a legal horn trade to be most important, whilst 
NGO representatives tended to focus on high demand. Other interviewees were 
more likely to consider the impact of local socio-economic conditions. 
A consensus was found amongst all stakeholders when asked about their 
perceptions of the reaction of the South African government to the poaching crisis, 
with all stakeholders feeling it has been poor. There was a lack of consensus 
regarding the potential for horn trade, with support strong for trade amongst many 
owners, but a much more nuanced view was found amongst the remaining 
stakeholders. 
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5. To identify challenges to private rhino ownership that may impact on owners’ 
decision to continue in their rhino conservation efforts. 
 
The questionnaire for Chapter 2 and stakeholder analysis from Chapter 3 identified a 
range of challenges faced by private rhino owners. Whilst some owners identified 
risks to their staff and families by their continued keeping of rhinos, all identified 
poaching, and the associated economic impact, as the major challenge to their 
continued engagement in private rhino ownership.  
 
6. To assess trends in rhino poaching on private land across South Africa 
between 2003 and 2017. 
 
The assessment of temporal trends in rhino poaching on private land conducted in 
Chapter 4 indicated that poachers do not appear to show strong weekly or monthly 
trends in their poaching activities but are more likely to poach at night and 
particularly during a full moon. In more recent years there has been a move towards 
increased poaching during the weekend (Friday-Sunday) rather than during the 
week. Rhino poachers appear to act rationally (Lee and Roberts, 2016) in their 
selection of targets and so rhinos are poached roughly in proportion to their 
contribution to the total population in terms of species, sex and age. 
 
7. To identify hotspots of rhino poaching on private land across South Africa 
between 2003 and 2017 and identify socio-economic and spatial factors which 
may impact on these hotspots. 
 
The Chapter 5 hotspot analysis of spatial trends in rhino poaching on private land 
mainly reflected national poaching trends across all ownership types (private, 
provincial and national) and the patterns of concentration of privately-owned rhinos 
across the country. Spatial trends are not even across the country, with poaching 
generally higher in areas close to international airports, large towns and cities and 
state or provincial parks which hold rhinos. Within the Eastern Cape, poaching is 
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focused around Port Elizabeth. Poaching is low within the Northern Cape, despite 
large numbers of privately-owned rhinos living within that province. Socio-economic 
factors do not appear to impact greatly upon rhino poaching on private land, apart 
from in KwaZulu-Natal, where there is a link between unemployment and low 
engagement in formal education and increasing rhino poaching on private land.  
 
Evaluation of methodologies 
Engaging private rhino owners 
The greatest challenge in completing the data collection for this research, was 
convincing private rhino owners to supply potentially valuable data to someone they 
do not know. A personal relationship with one private rhino owner (Lynne 
MacTavish) resulted in a meeting with the Chairman of the Private Rhino Owners 
Association (PROA), Pelham Jones. His involvement provided not only the Balfour et 
al. (2015) study on private white rhino ownership between 2012 and 2014, but also 
enabled me to design the questionnaire used throughout this work (predominantly 
the work presented in Chapter 2, although some of the poaching reports used in 
Chapter 4 and 5 also came from this questionnaire), based on that study. 
Understandably, he was unwilling to provide details of his members, which meant 
that a database had to be constructed from internet searches related to private rhino 
ownership (for full details see Chapter 2: Methods: Questionnaire of private rhino 
owners). Whilst the sample size obtained for the questionnaire was low (n=23), those 
private rhino owners who did complete the survey represented a wide range of 
property types. In line with similar studies (also with small sample sizes; Rubino and 
Pienaar, 2018a; Rubino and Pienaar, 2018b; Pienaar et al., 2017; Wright et al., 
2016; Cousins et al., 2008), it must be clear that this work is not presented as a 
conclusive description of all private rhino owners but is considered as indicative of 
the range of views held in the industry. For this survey to have fully represented all 
private rhino owners, it would be necessary to access the data held by the PROA, 
and even then, it must be noted that there are many private rhino owners who are 
not members of this organisation. For confidentially reasons, this was not possible. 
Once questionnaires had been completed, contact was made with all those who had 
indicated that they would like to be further involved in the research. Some indicated 
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that they were no longer willing to engage; and some were simply unavailable for 
follow up interviews to form Chapter 3. Again, interviews were conducted with a 
limited sample of rhino owners and managers, but all efforts were made to ensure 
that they represented the range of property types and views held by private rhino 
owners. Subsequent interviewees were identified through contacts provided by the 
private rhino owners and managers, and through convenience sampling of field 
guides and anti-poaching staff. Again, I acknowledge the limitations of this work and 
present it only as indicative of the range of people involved in the industry. 
Combining this work with previous work conducted by Rubino and Pienaar (2018a; 
2018b), Pienaar et al. (2017), Wright et al. (2016) and Cousins et al. (2008) forms a 
much fuller picture of the range of opinions within the industry. 
 
Collating poaching data 
One of the greatest challenges in conducting this research was collating data which 
was truly representative of rhino poaching on private land within South Africa. As it 
was not possible to access official data regarding poaching events on private land (in 
many cases due to the fact that criminal investigations were still ongoing), the only 
option available was to try and compile a database through publicly available 
information. With a final dataset of over 470 poaching events, I believe that the data I 
was able to collect is broadly representative of poaching on private land across 
South Africa. The results generally support what was expected from studies on state 
land (Koen at al., 2017; Mulero-Pázmány et al., 2014) and other work looking at 
trade routes (Crosta et al., 2017; Moneron et al., 2017).The findings also support 
evidence from criminal prosecutions of poachers, seizures of rhino horn and the 
thoughts of private rhino owners. Whilst full access to all reports of rhino poaching 
events on private land would clearly have provided a fuller dataset from which to 
work, I believe that collating the data from the publicly available (social) media 
sources has provided enough evidence to build a reliable picture of poaching trends. 
Obtaining accurate information on the level of poaching on private land is complex, 
as the statistics presented by the Department of Environmental Affairs (DEA) do not 
break the data down into state and private land. The Chairman of the PROA has 
claimed that 20% of all rhino poaching events occur on private land (Jones, 2013). 
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Yet the Balfour et al. (2015) survey of white rhino owners suggests that, in 2012, 
9.73% of all poaching events were on private land, which increased to 14.2% in 2013 
and dropped again to 11.28% in 2014. The data from Rhino Alive (2018), utilised in 
Chapter 4, indicates that in 2017, 27.86% of all rhino poaching in South Africa was 
on private land.  
Whilst it is entirely feasible that figures vary widely between provinces and across 
years, the lack of clarity in the level of poaching on private land is a challenge. As the 
Rhino Alive (which is an initiative of the PROA and therefore likely to represent its 
members) data match the final official numbers produced by the DEA (2019), we can 
assume they are broadly accurate. To assess the reliability of the data used in the 
analysis of Chapters 4 and 5, Tables 6.1 and 6.2 below indicate the percentage of 
poaching events across provinces and across months in 2017 that were represented 
in the dataset. 
 
Table 6.1: Comparison of dataset and Rhino Alive poaching figure by province for 2017 
Province Percentage in 
Rhino Alive data 
Percentage in 
collated dataset 
Eastern Cape 3.57 11.36 
Free State 16.07 3.41 
Gauteng 1.34 1.14 
KwaZulu-Natal 4.46 6.82 
Limpopo 33.04 36.36 
Mpumalanga 18.75 3.41 
Northern Cape 10.27 12.5 
North West 12.5 23.86 
Western Cape 0.00 1.14 
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Table 6.2: Comparison of dataset and Rhino Alive poaching figure by month for 2017 
Month Percentage in 
Rhino Alive data 
Percentage in 
collated dataset 
January 15.63 8.24 
February 7.59 7.06 
March 6.70 18.82 
April 6.25 5.88 
May 9.38 11.76 
June 8.93 12.94 
July 6.25 12.94 
August 8.93 12.94 
September 8.48 1.18 
October 12.95 5.88 
November 4.46 1.18 
December 4.46 1.18 
 
As can clearly be seen from Tables 6.1 and 6.2, there are some areas of the country 
(notably Mpumalanga and Free State) and some months of the year (January, 
September and October) where the dataset under-represents private land poaching 
in 2017. The Free State has seen a notable increase in poaching in recent years 
(Scott and de Bod, 2018), which was reflected in the hotspot analysis (Chapter 5, 
Fig. 5.3). For that reason, the Free State data were determined to be broadly 
representative of poaching in that province across time. The Mpumalanga data were 
consistently low compared to national figures and so it was not determined to be 
reliable and was therefore not included in the hotspot analysis in Chapter 5. Whilst 
initial assessment of Table 6.2 may suggest that some months are under-
represented, the analysis of the complete dataset in Chapter 4 (Fig. 4.1) indicates 
that the pattern across time was broadly representative of private land poaching. The 
apparent over-representation of the Eastern Cape, North West and March is 
discussed below (Accuracy of poaching statistics). 
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Modelling of data 
Whilst I believe the data utilised in Chapters 4 and 5 are broadly representative of 
the poaching of rhinos on private land across South Africa, it was not possible to 
conduct multivariate analysis to assess trends in a more reliable manner. Whilst 
other authors have utilised a variety of modelling methods (Beale et al., 2018; 
Rashidi et al., 2016; Critchlow et al., 2015; Haines et al., 2012) or a mixed-methods 
approach (Koen et al., 2017), such analysis was not possible with the data collated 
here.  
For Chapter 4, it was possible to conduct linear regression of poaching of individuals 
to assess any selection for sex, species or age, but it was not possible to undertake 
similar analysis of temporal trends. A fuller dataset, comprising not only of more 
poaching events, but also full details for all recorded events may have permitted 
such analysis. Given that poaching events were collated from (social) media report, it 
was not possible to ensure that all relevant data were included in each report. As 
poached rhino carcasses are not always immediately found, even if the relevant 
information were included in all reports, it may still have not been detailed enough 
(for example if the exact day of the poaching was unknown) to produce a full and 
accurate enough dataset to permit more complex analysis. 
The data utilised in Chapter 5 were limited by the inherent risks of making public the 
exact locations of poaching events. Were that information available then it is likely 
that more data points could have been produced. In many occasions the only 
available location was the nearest town, or municipality, but to fully explore spatial 
trends it would have been more informative to have been able to identify the exact 
location of the poached animal, ideally to its exact location within a property. This 
data may have allowed for a finer scale to have been utilised in the hotspot analysis 
and so provided more information. It is also the case that, in many occasions, it is 
not possible to determine exactly where an animal was poached as injured rhinos 
can travel many kilometres before they finally succumb to their wounds and fall to 
the ground where their horns are then removed. Had this information been available, 
then the proximity data would also have been more reliable as exact distances could 
have been calculated. Since this information was not available, it was only possible 
to determine straight line distance for use in the proximity analysis, which could not 
consider management or geographic features which could aid/hinder access to 
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rhinos in specific areas. The analysis of socio-economic data was predominantly 
limited again by the scale of the available data. With census data only being 
available at a municipality level, it could not be reliably combined with the proximity 
analysis. This also limited the number of points within each municipality, which 
limited the use of multivariate analysis through the assumptions of modelling 
techniques regarding the number of data points and the number of factors being 
explored. Again, finer scale data may have enabled more detailed analysis, but such 
data is not readily available. 
Given that the analysis in Chapters 4 and 5 is inherently limited by the available 
data, I believe that we have produced results which are as broadly representative of 
trends in poaching of rhinos on private land across South Africa as could be 
reasonably found. Without significant involvement of a variety of agencies across 
South Africa it is simply not possible to collate the data utilised here at the finer scale 
required to undertake more complex modelling analysis. 
 
Issues raised by this work 
Accuracy of poaching statistics 
The official poaching statistics for 2018 (DEA, 2019) indicated a substantial decrease 
in total poaching numbers, with the figure dropping below 1000 for the first time in six 
years. However, this figure has been questioned, with Elise Serfontein (Founding 
Director of StopRhinoPoaching.com) quoted as saying that the way the official 
figures have been calculated has changed in 2018 (Phillips, 2019). Tables 6.1 and 
6.2 indicate that the dataset used for analysis in Chapters 4 and 5 shows some 
evidence of over-representation of some provinces (Eastern Cape and Western 
Cape) and months (March), where the dataset suggests poaching events have not 
been fully covered by the Rhino Alive (2018) data. A more likely explanation is 
related to the complexity of what is considered a “poaching” event under the official 
statistics. The official statistics simply record rhinos which have been “poached”, 
without providing a definition of what constitutes a poaching event. One of the 
records included in the analysis in this work stated that the cause of death was 
recorded as septicaemia (from the bullet wound) and so the death would not be 
recorded as a poaching death. Similarly, Phillips (2019) cites an “anti-rhino poaching 
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official” as confirming that they have been involved in instances where a rhino has 
died during treatment for poaching wounds and police have not recorded it as a 
poaching death. Further suggestions have been made that indicate rhinos which 
initially survive and receive veterinary treatment, but which subsequently die, are not 
recorded as poaching deaths (Austin, 2019; Saving the Survivors, 2015), nor are 
those where the horns are not taken (Saving the Survivors, 2015). In the report of 
the 2008 survey of private rhino owners (Hall-Martin et al., 2009), the authors claim 
there were no poaching events on private land prior to 2007, yet reports from owners 
who provided data for this research included single poaching events from 2003 and 
2006, both of which resulted in the animals being dehorned and dying. The lack of 
clarity in what constitutes an official poaching event meant that all records using the 
words “poached” or “poaching” were included in this dataset. Table 6.3 shows the 
results of the events recorded in the dataset used for this work. 
 
Table 6.3: Known outcomes of poaching events recorded in the dataset 
Outcome Number Percentage 
Killed and dehorned 222 46.9 
Poached (assumed dehorned and killed) 120 25.4 
Killed (status of horns unknown) 44 9.3 
Killed and not dehorned 32 6.8 
Not killed and not dehorned (long-term survival unknown) 15 3.2 
Dehorned and survived (long-term survival unknown) 39 8.2 
Survived (status of horns unknown) 1 0.2 
Total 473 100 
 
If the claims discussed above are accurate, and animals which are not dehorned, or 
not immediately killed are not recorded in the official statistics then poaching levels 
may be substantially higher than officially stated. Using the data from this study, 
poaching deaths may be more than 6.77% higher than officially recorded (assuming 
that all recorded as “killed” were also dehorned and all those that were recorded as 
initially surviving survived long-term) and the number of animals actually targeted by 
poachers (assuming official statistics only record those “killed and dehorned” and 
“poached”) could be more than 27.7% higher than official figures. Another potentially 
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confounding issue is the collateral loss of calves and pregnancies. In this study, 
seven calves were recorded as dying following the deaths of their mothers, and 29 
pregnancies were lost (Chapter 4). With a total of 473 individuals recorded in the 
dataset, this then represents an additional 7.61%. The Balfour et al. (2015) study 
does not record lost pregnancies, but did find that between 2012 and 2014, 26 
collateral calves were lost from 345 adult poaching deaths; an additional 7.54%. 
To assess the true impact of poaching on rhinos in South Africa, and assess their 
population trends reliably, it is essential to obtain accurate data regarding the total 
population size (Ferreira et al., 2012). The DEA regularly releases population 
numbers for the Kruger National Park (Kruger), as shown in Figure 6.1. 
 
Figure 6.1:  Maximum and minimum white rhino population in Kruger National Park (DEA, 2018; DEA, 2017; 
DEA, 2015) 
 
These population figures can be used to assess relative poaching pressure within 
Kruger. Using the population counts from Fig. 6.1 and detected poaching carcasses 
found within Kruger (DEA, 2017; DEA, 2014) comparative poaching pressure can be 
calculated for white rhino. In 2010, poaching accounted for 1.15-1.67% of the total 
Kruger white rhino population, but this increased to 8.90-10.34% by 2014. It has 
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since stabilised to between 8.45 and 9.96% during 2015 and 2016. Without clear 
population numbers or poaching levels on private land, it is impossible to determine 
exact changes in poaching pressure on private land. However, using the official 
poaching statistics and data prepared by Emslie et al. (2013; 2016), it is possible to 
determine that the percentage of animals poached outside of the Kruger, relative to 
their proportion of the population, increased from 1.86-3.06% in 2010, to 3.47-3.85% 
in 2015. Looking only at privately owned populations, the Balfour et al. (2015) data 
suggests that poaching deaths represented 1.83% of the reported population in 
2012, 3.76% in 2013 and 3.07% in 2014. Using the Emslie et al. (2019) population 
figures of around 7,500 rhinos in private hands in South Africa at the end of 2017, 
the 2017 poaching figures (Rhino Alive, 2018) represent 2.99% of the total privately-
owned population. 
Whilst the Kruger white rhino population figures do appear to show that the DEA 
acknowledges a decrease in the white rhino population within the park, even these 
figures have been called into question. Whilst the DEA has claimed that the figures 
have been ascertained using “peer-reviewed scientific methods” (DEA, 2015), the 
methodology was not confirmed by the DEA until the February 2017 update, where it 
was stated that the population was counted using the “scientifically accepted block 
count method” (DEA, 2017). Joubert (2015) has noted that these are aerial counts. 
Aerial counts are known to be unreliable for surveying rhinos, having been found to 
underestimate black rhino population sizes in Pilanesberg National Park (Brockett, 
2002) and accounting for only 50% of black rhino in Tanzania (Goddard, 1967). This 
could then suggest that the figures released by the DEA are an underestimate of the 
Kruger population. However, wildlife veterinarian, Kobus du Toit has challenged the 
official Kruger population numbers by evaluating births, deaths and natural 
population growth rates (de Bruin, 2015). He believes that the 2015 population could 
not have been any higher than 4,585; less than 55% of the low estimate of 8,365 
released by the DEA. That there is such discrepancy between official block count 
figures and those calculated based on population parameters is of great concern. If 
the figure of less 3,000 proposed by du Toit (de Bruin, 2015) is accurate, then the 
2015 poaching deaths in the park (826: DEA, 2017) represent 27.53% of the total 
population. With a natural white rhino population growth rate of 7.2% (Emslie et al., 
2016), it is evident that poaching deaths are outstripping growth rates even at the 
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higher population size stated by the DEA. The results of the most recent census of 
the Kruger rhino population have been withheld due to “some confusing results” 
(Parliamentary Monitoring Group, 2019). If du Toit’s (de Bruin, 2015) estimate of the 
population size is accurate, then South Africa’s rhino population may be substantially 
lower, and in even greater peril than has been acknowledged up to now.  
 
Future poaching 
The figures discussed above (Accuracy of poaching statistics) seem to indicate that 
poaching on private land represents around 3% of the privately-owned population 
per annum across South Africa. Project Rhino (an association of government 
agencies, private owners, NGOs and other partners in KwaZulu-Natal) claims that, 
from 2011-2015, 24% of all rhinos poached in KwaZulu-Natal were on private land, 
but this dropped to only 4.5% in 2016 and 2017 (Project Rhino, 2017). This matches 
the 4.5% in KwaZulu-Natal in 2017 stated by Rhino Alive (2018). Whilst there does 
appear to have been a local decrease in private land poaching in KwaZulu-Natal, the 
rest of the evidence suggests that poaching on private land in general is increasing. 
With decreasing poaching within Kruger National Park (DEA, 2019) the fear is that 
poachers will continue to move out from the park and target neighbouring properties. 
This is especially concerning when the number of poachers arrested in Kruger in 
2018 was higher than in 2017 (DEA, 2019), despite the lower number of poaching 
events. The suggestion is therefore that rhinos are becoming harder to find within the 
park and so poaching pressure may increase on state and private land to the 
detriment of the animals held there.  
Whilst rhino poaching has increased significantly, it appears that it is still treated as a 
low priority crime by law enforcement, who are also known to be involved in the 
corruption surrounding rhino poaching (Knight, 2015; Warchol, 2004). The HAWKS, 
a specialised priority crime division of the South African Police Service (SAPS) have 
developed standardised procedures for dealing with poaching events (Milliken and 
Shaw, 2012), but it is clear that these are not always being followed. On one 
occasion, in 2014, police officers called to the scene of a poaching incident took 
selfies with the carcasses, brought coolers of beer with them and cut meat from the 
poached animals to braai (barbeque) (L. MacTavish, pers. comm.). This poor 
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response from law enforcement results in the poor perceptions of law enforcement 
and government agencies noted by the stakeholders in Chapter 3. If private rhino 
owners cannot trust the police to assist them in their fight against rhino poachers 
then they may opt to disinvest in rhinos, or they may start to employ more of the 
militarised anti-poaching strategies employed on state land, despite the legal ‘grey 
area’ this entails for private landowners. Informal discussions with volunteer anti-
poaching personnel indicate a willingness to engage in illegal activity, including 
murder, to prevent rhino poaching events. 
Without effective law enforcement high levels of poaching will continue (Rayan and 
Linkie, 2015). Increased law enforcement has been shown to have had a dramatic 
effect on the poaching of babirusa (Babyrousa babyrussa), but this did decline over 
time (Milner-Gulland and Clayton, 2002). The penalties applied to poaching must be 
effective as small penalties do not act as deterrents, especially when poachers 
perceive a low risk of being caught (Clements et al., 2010; Milner-Gulland and 
Leader-Williams, 1992). It has been suggested (Milner-Gulland and Leader-Williams, 
1992) that if the penalty is related to output then poaching is less likely, but if it is 
consistent regardless of poaching level then poaching is high. Penalties must 
therefore relate to total kills and not just trophies poachers are found in possession 
of (Milner-Gulland and Leader-Williams, 1992). However, in areas where wages are 
very low, a small fine may be just as impossible to pay as a large one and so simply 
increasing fines does not necessarily act as a deterrent to poaching (Messer, 2010). 
In some areas, even the death penalty has proven unsuccessful in curbing poaching 
(Leader-Williams and Milner-Gulland, 1993). Rhino poachers in South Africa face 
penalties of over ZAR40,000 (Cheteni, 2014), yet it has been noted that a team of 
three poachers could earn up to ZAR1 million per rhino poached (DoD, 2013). The 
South African justice system does appear to be considering rhino poaching a serious 
offence, with a stated current conviction rate of 88.8% (DEA, 2016). Of the 48 people 
convicted of offences relating to rhino poaching between April 2015 and March 2016, 
24 were imprisoned, 21 were fined and three were handed suspended sentences 
(DEA, 2016).  Most were convicted of firearms and trespassing offences, but 16 
were convicted of charges directly relating to rhino poaching; including possession of 
rhino horn, dealing in rhino horn and illegal hunting of rhinos (DEA, 2016). Whilst this 
conviction rate is high, it must be noted that 317 people were arrested for poaching 
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related offences in 2015 and 1,175 rhinos were poached (DEA, 2016), so whilst 
those who are charged are often convicted, it is clear that many are not caught and 
many who are caught, are not charged. The international aspects of this criminal 
activity mean that arrests and prosecutions are not just happening in South Africa, 
with arrests undertaken in at least eight incidences pertaining to the illegal trade in 
rhino horn between May and August 2015 in Czech Republic, Hong Kong, India, 
Kenya, Mozambique, Vietnam and the United States of America (TRAFFIC, 2015). 
The International Criminal Police Organization (INTERPOL) has also executed 
arrests around the world under the auspices of “Project Wisdom”, directed at curbing 
the trade in elephant ivory and rhino horn (INTERPOL, 2017). 
Whilst there is clear international engagement in reducing rhino poaching, and stated 
commitment from the SAPS and South African Government, private rhino owners do 
not perceive this. The risks of disinvestment and the potential for increased 
militarisation of private anti-poaching efforts are especially concerning in face of the 
potential increase in poaching pressure on private land as poaching falls within 
Kruger National Park. 
 
The role of private rhino ownership in the future 
Previously, Nature Reserves in South Africa were declared by provincial authorities 
and had few strict requirements (Cumming and Daniels, 2014). However, the 
National Environment Management: Protected Areas Act (Act 57 of 2003) permits 
areas to be declared as private protected areas, subject to the same protection and 
legal requirements as state land (Cumming and Daniels, 2014). How popular this 
has been amongst private landowners is however unclear. With most conservation 
acts set at the provincial level (Knight et al., 2013) it is possible that different 
provinces could set requirements that work best within their boundaries to encourage 
wider engagement in conservation practices amongst private rhino owners. 
Sodhi et al. (2011) loosely define conservation success as “any evidence of positive 
conservation outcomes, such as population increases of endangered species 
following targeted interventions” (pg. 585). By that definition, the conservation value 
of private rhino owners in growing the population following the implementation of 
Operation Rhino is clear. However, there is more to conservation than simple 
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increases in numbers. The wider benefits to biodiversity of large expansive reserves 
are generally accepted (Cousins et al. 2010; Gallo et al. 2009; Cousins et al. 2008; 
Jones et al. 2005; Douglas-Hamilton 1997) and the valuable role of private 
landowners in providing land for the WWF’s Black Rhino Range Expansion Project 
(BRREP) is unquestioned  (Hayward et al. 2017; Cousins et al. 2008), but when 
animals are fenced and intensively farmed, the conservation value is debatable 
(Pitman et al. 2016; Cousins et al. 2010). Whilst there is an argument to be made 
that farms maintain a reservoir of genetic material that may be required for future 
rhino (re)introduction (Ververs et al., 2017), the broader conservation role of such 
properties is more difficult to ascertain than expansive reserves stocked with other 
native species. Fencing animals into areas creates edge effects (Massey et al., 
2014), constrains their population growth and restricts gene flow, but, when large 
enough or when gene flow is maintained through regularly transferring animals in 
and out of populations to create artificial metapopulations, fenced areas can 
effectively conserve wildlife (Hayward and Kerley, 2009). Fewer extensive areas, or 
simply fewer forming metapopulations may therefore have substantial impacts on the 
conservation value of private rhino ownership. Small reserves are able to retain 
diverse communities through effective use of management techniques (East, 1981) 
and may be better able to protect rhinos from poachers, but the conservation value 
of single-species farms (beyond simply increasing numbers) is questionable. 
It has been more than 30 years since the role of private owners in rhino conservation 
was acknowledged (Cohn, 1988) and 20 years since it was noted that with state land 
having reached carrying capacity, white rhino populations can only continue to grow 
through collaboration with private rhino owners (Emslie and Brooks, 1999). Private 
game reserves also contribute over US$11.3 million per year to the regional 
economy (Sims-Castley et al., 2005) and so have a substantial economic benefit to 
South Africa as well as a conservation role. One conservation strategy that could 
potentially encourage rhino owners on extensive properties to continue with their 
engagement in rhino conservation is payment for ecosystem services (PES), which 
provides landowners with payments for working in a manner that protects 
biodiversity (Ingram et al., 2014). As they are focused on ecosystem services, rather 
than protection of specific species (Dinerstein et al., 2012), PES programmes have 
some limits in their application to private rhino farmers. However, most of the private 
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owners involved in this research have extensive areas of natural habitat for their 
animals. These areas can provide vital ecosystem services if managed correctly. I 
have personally witnessed occasions where local people have cut fences into private 
reserves to allow their livestock access to the grazing and water available, so it is 
clear that such properties are maintained in a manner that supports these vital 
ecosystem services. As landowners who are intrinsically motivated to engage in 
conservation are more likely to continue such behaviours if they receive a supportive 
reward for doing so (Stern, 2006), it is likely that there would be support for PES 
strategies amongst private owners who overwhelmingly cited their passion for rhinos 
as their reason for keeping them (Chapter 3). 
Payment for such services could assist private rhino owners in generating the extra 
income that they require to manage the increasing costs of anti-poaching activities. 
Currently, private rhino owners do not receive any government support for such 
actions (Lee and Du Preez, 2015; Kreuter et al., 2010), yet the South African 
Government has committed to cooperation with private rhino owners (DEA, 2019). 
Subsidies to support anti-poaching activities (identified in Chapters 2 and 3 as the 
major economic challenges to continued involvement in private rhino ownership) 
could be a means of cooperation (Rubino and Pienaar, 2017). The noted distaste of 
the general public for private rhino owners may make providing financial support to 
private rhino owners politically difficult, but wider acknowledgement of the ecosystem 
services provided by expansive reserves may permit the government to engage in 
PES activities with private rhino owners whilst also mitigating public concerns. Major 
rhino charities also do not provide support for privately owned rhinos (Save the 
Rhino explicitly states that they do not “fund programmes involving privately owned 
rhinos”; Save the Rhino, 2016). Whether such restrictions would apply to community-
owned rhinos, or private rhino owners involved in PES programmes is unclear. 
 
Rhino horn trade 
As an alternative to financial support from the government or NGOs, there have 
been wider discussions about the possibility of generating income for rhino 
protection through the development of a legal international trade in horn, with rhino 
owners involved in this work generally supportive of such a trade (Chapter 3). Some 
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authors have suggested that permits could be implemented which would require 
owners to manage sufficient habitat to meet conservation objectives before they 
could engage in trade (Rubino and Pienaar, 2017). Rubino et al. (2018) found that 
private rhino owners as a whole have no clear objections to such an idea and 
suggest that this could potentially serve to mitigate the concerns regarding increased 
intensification of rhino management. 
Rhino horn was removed from the China’s official compendium of drugs, including 
those used in traditional Chinese medicine (TCM), in the early 1990s (Crosta et al., 
2017). However, with the 25-year ban being lifted to permit use in special 
circumstances (EIA International, 2019), the arguments surrounding the possibility of 
legal international trade in rhino horn are likely to increase. The government of South 
Africa has presented conflicting messages regarding its perceptions of the possibility 
of trade in rhino horn. At a cabinet meeting on 13th April 2016, it was agreed that 
South Africa would not apply to CITES to permit trade in rhino horn (Government 
Communication and Information System, 2016), despite this proposal being included 
in the DEA 2016 budget (National Treasury, 2016). Such conflicting messages have 
been mentioned in informal discussions with rhino owners and also impacted on their 
generally poor perception of the government response to the poaching crisis noted in 
Chapter 3.  
With cost-benefit analysis indicating that private rhino ownership will only continue if 
the benefits outweigh the costs (Rubino and Pienaar, 2017), there is a clear risk of 
disinvestment in the face of continued poaching pressure without potential to 
generate additional income. Such income could be generated by trade in rhino horn. 
Hume (2013) discusses the potential of lifting the international trade ban and further 
expanding the production of rhino horn by encouraging more landowners to keep 
and rear rhinos in order to not only make a living for themselves, but also to 
conserve the species. This idea is echoed by researchers, with Biggs et al. (2013: 
pg. 1038) going so far as to state that a regulated and humane legal trade in rhino 
horn is “the only remaining option” and would generate funds for further rhino 
conservation and provide further incentives for the keeping of rhinos. It is also 
claimed that, were the legal trade to have undesirable consequences, it could be 
fairly easily and quickly closed again (Biggs et al., 2013) as demand is much easier 
to manage when markets are legal (‘t Sas-Rolfes, 2012). Bulte and Damania (2005) 
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conclude that, with quotas in place, “wildlife farming will unambiguously promote 
conservation” (pg. 1222). However, the chairman of the International Union for the 
Conservation of Nature and Natural Resources (IUCN) Species Survival 
Commission (SSC) African Rhino Specialist Group (AfRSG), Dr Mike Knight, 
considers the idea that legal trade would “cure” the poaching issue to be “simplistic” 
(Knight, 2015: pg. 12). 
Since rhino horn grows back, rhinos (unlike many animals used in traditional 
medicine) do not need to die in order for their useful product to be collected; they can 
simply have the horns cut. This would provide a constant supply of horn as even the 
horns of old adults (those over 25 years of age) grow on average 36.5 mm per year 
(Pienaar et al., 1991). The horns of younger animals grow much faster; 150 mm in 
the first year and 59.8 mm per year in adults under 25 (Pienaar et al., 1991). It is 
also known (Pienaar et al., 1991) that horns grow back faster after they have been 
lost naturally, but research on dehorned rhinos (Rachlow and Berger, 1997) 
indicates that horn regrowth is slower. Based on a price of only US$2,000 per 
kilogram, an adult male white rhino over 20 years of age will produce around 
US$2,600 of horn annually (Rachlow and Berger, 1997). Even without dehorning of 
rhinos, the natural death rate, of around 2.6%, would generate a significant number 
of horns each year (Biggs et al., 2013). Taylor et al. (2017) estimated that the current 
South African rhino population could generate 5,319-13,356 kg y-1 of horn through a 
combination of dehorning, utilising stockpiles and trophy hunting (although they 
acknowledge this is an unlikely source of horn for trade). Given the current poaching 
level, they estimate that 5,346 kg currently reach the illegal market each year. 
Some researchers have conducted market studies and found that willingness to pay 
amongst horn users in Vietnam was highest when horns were removed in a non-
lethal way from wild rhinos and lowest when horn was from poached animals 
(Macmillan et al., 2017). Others however have focused on the idea that farmed 
product is likely to be less desirable to consumers than horn from wild animals. 
Crosta et al. (2017) found dealers claiming that horns with blood patterns that 
indicate the animal was still alive when the horn was removed, are more valuable. 
Drury (2009) highlighted a belief amongst wildlife consumers that wild product is 
superior and that though there would be people who would buy a (presumably) 
cheaper legal farmed product, there would still be considerable demand for the 
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illegal wild product. They noted that the perceived lack of quality in farmed bear bile 
has led to increased demand for whole gall bladders and bile from wild bears, 
thereby increasing the pressure on wild populations. Dutton et al. (2011) conducted 
a market analysis and found that consumers were willing to pay significantly more for 
wild bile than farmed bile, thereby concluding that the ability of farmed bile to reduce 
demand is limited. It must be noted however, that the consumers in this study were 
asked to imagine that the wild bear bile was legally available. One modelling paper 
(Crookes and Blignaut, 2015) concluded that lifting the ban on rhino horn trade 
would not eliminate demand and would not in fact result in a profitable market 
without consumer behaviour modification. However, this study based the analysis on 
a value of only US$364 per rhino per annum. 
Aside from the concerns regarding the preference of consumers for wild over farmed 
horn or otherwise, the size of the market is also unclear. The use of TCM is not 
decreasing (‘t Sas-Rolfes, 2012) and some have suggested that legalising the trade 
in rhino horn could stimulate markets which have previously been dormant (Prins 
and Okita-Ouma, 2013; Ferreira and Okita-Ouma, 2012). This concern about 
dormant markets was highlighted by one of the NGO representatives interviewed for 
Chapter 3. 
Others do not believe that trade will lead to increased demand (‘t Sas-Rolfes, 2012) 
and argue that demand reduction programmes are too slow (Crosta et al., 2017) and 
do not stigmatise consumption (Macmillan et al., 2017). That legal trade will further 
destigmatise consumption has led to concerns that legalising trade would 
inadvertently stimulate demand from those who would not choose to use an illegal 
product (Bulte and Damania, 2005).  
Due to the illegality of the market, it is very difficult to predict its elasticity and how it 
may change if horn were available legally (Taylor et al., 2017; ‘t Sas-Rolfes, 2012; 
Bulte and Damania, 2005; Milner-Gulland, 1993). To assess the feasibility of trade 
and the impact it may have on wild populations, there needs to be a far deeper 
understanding of the supply and demand dynamics (Challender and MacMillan, 
2014). Moyle (2003) highlights the risks of treating market price as an indicator of 
demand, as there are many different factors that control market processes. Whilst 
renewed legal trade in Australian saltwater crocodiles did not encourage 
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overharvesting or poaching (Moyle, 2003), it is unclear how trade could impact rhino 
populations. The potential for a legal market to ease the laundering of illegal product 
is also unknown (Taylor et al., 2017; Bulte and Damania, 2005), although it has been 
suggested that the profitability of legal product would be a strong incentive to prevent 
laundering of illegal product (‘t Sas-Rolfes, 2012). 
What form legal international trade in horn would take is unclear, with some rhino 
owners calling for a central selling organisation (CSO), as discussed in Chapter 3. 
The details of such an organisation have not been developed without progress 
towards international trade and so there would need to be substantially more 
information presented on the form this would take before its potential could be 
assessed. What is clear is that private rhino owners are not in favour of government 
management of trade (Rubino et al., 2018) 
Since the trade in rhino horn within South Africa was relegalised in 2017, very little 
information has been made available about how the trade has progressed. The 
regular progress report on implementation of the Integrated Strategic Management 
of Rhinoceros, covering the period 1 January to 31 December 2018, did include 
some information on this topic (DEA, 2019). The report notes that 36 permits have 
been granted in total, 15 permits for the sale of 1,342 rhino horns and 19 for horn 
buyers. Two further permits were granted for the donation and receiving of 14 horns. 
It is not clear how many of the permits were used, or whether the horns remain 
within South Africa. To assess the effectiveness of this trade, such information must 
be examined. 
 
Local community engagement in private rhino conservation 
Whilst the South African Government has made it clear that “cooperation with private 
rhino owners has become the norm” (DEA, 2019) there is a perception that the wider 
public (Rubino and Pienaar, 2018a) and NGOs (Wright et al., 2016) do not 
understand the conservation contribution of private rhino owners. The lack of 
engagement with local communities demonstrated by the majority of private owners 
in this research (Chapter 3) may be a factor in this. If the wider public cannot 
perceive the conservation role of private rhino owners, then it is up to private rhino 
owners to try and clearly articulate their value. This is especially important, not just 
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amongst private rhino owners, but amongst private sector conservation in general, 
as there is evidence of increasing private sector investment in conservation 
(Hamrick, 2016). If conservation more broadly is to be devolved to more private 
sector partners, then their role and value must be obvious to other stakeholders. 
Failure by some parties to engage with conservation policy (as demonstrated by the 
failure of some owners to follow monitoring and recording regulations: Chapter 2) 
may damage the claim that the private wildlife industry is focused on the 
conservation of rhinos and may encourage the perception that the main focus of 
private rhino owners is to generate income for themselves. Whilst there are no 
published studies concerning the opinion of the South African public towards private 
ownership of wildlife, informal observations from the many social media groups used 
in this work suggest that it is not positive. Memes such as those shown in Fig. 6.2 
(sources withheld to prevent identification of groups/pages), were widely shared 
whilst the various appeals around the moratorium on trade were progressing through 
the South African court system.  
 
Figure 6.2: Selection of memes widely shared on rhino poaching interest groups/pages on Facebook 
 
It is clear from such social media behaviour, that private rhino owners are not held in 
high esteem by some members of the general public. These memes were also 
shared by moderators of the groups, many of whom are NGO partners. The general 
perception in these groups is that all private rhino owners are in favour of horn trade 
and that is the only reason that they keep rhinos. To improve such perceptions, 
private rhino owners may need to focus their communication efforts less on horn 
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trade and more on the conservation role they play and the risks to rhino populations 
if large numbers choose to disinvest. 
Alongside the negative view some members of the public have towards private rhino 
owners, private rhino owners also often have poor perceptions of the public in their 
local area. Whilst private rhino owners rarely engage with the public in a positive 
way, other stakeholders were much more likely to consider the possibilities of 
working with local people (Chapter 3). To effectively reduce poaching, strategies 
must include a wider view of the socio-economic environment in which they are to be 
deployed (Morais et al., 2018). The potential impact of local people in poaching 
rhinos in KwaZulu-Natal was highlighted in Chapter 5 and so there must be a 
discussion of the ways local people can benefit from rhinos in their local area, rather 
than seeing them as an opportunity to generate income through illegal means.  
Private game reserves generally have fewer staff than national or provincial parks 
and more limited funds available for community involvement, but there are still ways 
in which local communities can be encouraged to value the wildlife in these areas, 
rather than treating it as a resource to be exploited. Adcock and Emslie (1994) 
highlighted one particular private hunting operation that employed fourteen full time 
local staff and fifteen others seasonally for seven months of the year, to equate to 
twenty-four full time jobs. If each of those employees supported five other people, 
then almost 120 people were economically supported by that one private hunting 
operation. It must be remembered however that direct employment in conservation 
activities benefits only those employed and their families, not the wider community 
(Barrett and Arcese, 1995). Warchol and Johnson (2009) also suggest ways in which 
private reserves can gradually develop relationships with local communities, which 
may not currently exist, by employing groups of local residents for maintenance 
work, shrub clearance and other occasional work, but on the basis that if any are 
found to be poaching then none of that group will be hired again. Whether this peer 
pressure approach to reducing poaching would work everywhere is unclear, although 
some Zambian chiefs have engaged with the National Parks and Wildlife Service in 
the past and evicted poachers from their village (Kelso, 1993). 
One of the most common ways in which local communities can be encouraged to 
become more involved in conservation is through employment as scouts/rangers. 
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Poor relations between parks and local people have been linked to changes in the 
recruitment of staff, with fewer being from local communities and with rangers having 
less engagement with local people (Butt, 2012). The Ruvuma Elephant Project in 
Tanzania has been especially effective in reducing their poaching through the 
employment of 200 local game scouts (Lotter and Clark, 2014). Such practices 
however are open to corruption with some scouts colluding with their neighbours in 
poaching activities and accepting bribes (Gibson and Marks, 1995). There are 
opportunities to engage local people in rhino conservation in this way, with some 
private owners training and employing local people as anti-poaching units (APUs: 
Kiss, 1990). If they are from local communities, APUs may be more dedicated to 
their work (Warchol and Johnson, 2009) as they directly benefit from the existence of 
the animals in their local area. As they are more likely to live in the local community, 
they are likely to have better relationships with other local people and so may be 
better able to deal with poachers at a community level rather than in a legal manner 
(Warchol and Johnson, 2009; Aung, 2007).  
Several of the rhino owners/managers involved in this research were very clear that 
local people employed by them were involved in supplying information to poachers in 
the local community (Chapter 3) and so it is clear that the potential for integrating 
illegal income sources with direct employment in conservation does occur. If local 
people can be engaged as reserve allies, then this flow of information may 
potentially assist conservation action through the valuable information they may be 
able to provide regarding illegal activity in the area (Roe et al., 2015). One potential 
way in which this could be encouraged is through the use of community conservation 
schemes, including integrated community development projects (ICDP). 
The ICDP project in Northern Canada discussed in Chapter 1 (Freeman and Wenzel, 
2006) does not confer ownership of polar bears to the local communities, but permits 
the consumptive use of the animals. Granting these consumptive use rights has 
clear parallels with the consumptive use of rhinos in South Africa. Whether similar 
schemes could be developed in South Africa to permit local communities to 
sustainably utilise the wildlife in nearby protected areas is worth exploring. One of 
the private landowners involved in this research does not currently keep rhinos on 
their land but has developed an ICDP plan for such an activity on their property in 
the Northern Cape (Ferreira, not dated). The plan involves leasing rhinos from 
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government stocks and claiming ownership of the offspring. They would then be 
owned 90% by the landowner and 10% by three local community partners. All staff 
employed for the rhino project would come from the local community and all profit 
would be split on the 90:10 principle already mentioned. This landowner already has 
similar policies in place for some game species and so the precedent does exist for 
such ideas. With increasing tourism in the Karoo region, 20% of those tourists 
visiting game parks (Atkinson, 2016), large numbers of privately-owned rhinos in the 
Northern Cape (Balfour et al., 2015) and low levels of poaching in the province 
(Rhino Alive, 2018; Chapter 5 of this work), this appears to be an ideal place to 
develop such activities. 
One group of researchers (Kreuter et al., 2010) highlighted collaboration between 
private reserves in southern Africa as an example of community based natural 
resource management (CBNRM), regardless of whether their motives are primarily 
economic or based on concern for the natural environment. They focused on 
reserves adjacent to national parks, such as Timbavati and Klaserie, which form part 
of the Associated Private Nature Reserves (APNR) alongside the KNP, with 
Umbabat and Balule. This means they have dropped the fences between 
themselves and the park and manage their land in line with the management 
strategy of KNP. This allows them access (for tourism and hunting) to the animals 
that move onto their land from the main KNP area. These properties manage the 
activities of the lodge owners within their land, through their constitutions (based on 
their agreements with KNP), to ensure hunting is controlled and lodge numbers are 
not exceeded. Timbavati and Klaserie (the case studies in the paper) face sanctions 
from SANParks if they do not adhere to their management plans; including 
potentially the reinstatement of fences. These reserves have also been involved in 
local community initiatives, including funding HIV/AIDS awareness programs, 
ecological training and staff training in their local communities, but the authors 
caution that they must consider local communities in their management and long-
term plans to ensure future success. Such collaborations between farmers to form 
large conservancies is common in Namibia (Barnes and de Jager, 1996), but rare in 
South Africa. If this idea were to be further developed beyond the KNP, it could serve 
to mitigate some of the concerns raised (Chapter 3) about the lack of connectivity 
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between privately-owned rhino populations. This could also aid in the more effective 
deployment of anti-poaching strategies if such efforts were to be combined. 
The DEA (2013) have actively encouraged community management of white rhinos 
in collaboration with private rhino owners by suggesting private owners donate 4,800 
white rhinos to local communities (40 each to 120 communities) and work with them 
to ensure a growth rate of 5%, resulting in 29,000 by 2037. There is however no 
evidence to suggest that this idea has ever been put into practice. The AfRSG 
(2016) figures indicate that only 0.8% of South Africa’s white rhinos (1,482) are 
under communal (community) ownership, along with only 118 black rhinos. 
Promotion of community ownership of wildlife could allow for the development of 
wildlife tourism microentrepreneurship within local communities (Morais et al., 2018). 
Such developments have the potential to act as link between local communities and 
larger parks (privately owned, or managed by government agencies), or form 
reserves in the manner of the APNR example discussed above, potentially further 
improving relationships between these currently disparate groups (Morais et al., 
2018). 
The potential value of engaging local communities with private rhino ownership or 
employment by private rhino owners appears clear. However, there are several 
barriers to success. The significant investment required to establish new, 
community-run areas for private rhino conservation is not insubstantial, nor is the 
level of training that would be required to enable effective conservation on such 
properties. The ability to generate income from these schemes would also require 
significant investment in training in areas such as hospitality. The negative opinions 
of local people demonstrated by many private rhino owners also present significant 
challenges to such ideas, but long-term preservation of their animals may require 
private rhino owners to engage in such activities despite their personal feelings 
towards them. With the links between socio-economic conditions of the local 
community and rhino poaching being so clear within KwaZulu-Natal (Chapter 5), this 
province presents as the ideal place to investigate the feasibility of community 
conservation schemes within South Africa. 
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Future work 
Due to the risks associated with discussing their stock and their anti-poaching 
strategies, engagement of private rhino owners in this work was low. It is therefore 
presented as indicative as the variety of properties involved in private rhino 
ownership and the views held by those involved in the industry. Aside from 
combining the findings here with other work on the subject (Rubino and Pienaar, 
2018a; Rubino and Pienaar, 2018b; Pienaar et al., 2017; Wright et al., 2016; Cousins 
et al., 2008) a fuller picture of the industry could only be provided by surveying every 
single private rhino owner in South Africa. However, even the official surveys 
conducted by the Private Rhino Owners Association (PROA) in collaboration with the 
DEA have not been successful in this endeavour. 
To fully assess the poaching on private land, it would be necessary to access all 
records of such events. As this was not possible (for several reasons discussed 
previously), again the poaching information (Chapters 4 and 5) are presented as 
indicative, rather than an accurate representation of the situation. In particular, it 
would be useful to include more reports from Mpumalanga province. The low 
representation of this province in the dataset prevented any conclusions being made 
about poaching within that area. Given the large privately-owned white rhino 
population in Mpumalanga (Balfour et al., 2015) and the high level of poaching there 
(Rhino Alive, 2018), it is likely that such information would greatly add to the analysis 
presented here. A full dataset would also permit more complex analysis of the data 
(discussed above: Modelling of data), which was of limited use here due to the 
limitations of the dataset. 
The anti-poaching information collated here (Chapter 2) forms a pilot study of such 
strategies. A full assessment of the use and effectiveness of anti-poaching activities 
would therefore be valuable for aiding the protection of privately-owned rhinos.  
Trade has been discussed throughout this work and remains a subject that requires 
significantly more research effort. Whilst there is so much unknown about the 
impacts international trade in rhino horn may have, it would seem prudent to 
continue to prevent such actions. However, the calls for trade from private rhino 
owners should not be ignored and therefore experts who are both pro- and anti-trade 
should collaborate to fully explore the potential of such trade. Greater transparency 
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from the DEA regarding the recently relegalised internal trade in horn should assist 
with this. 
 
Final conclusions and recommendations 
Private rhino owning properties vary in their area, populations and priorities, yet face 
many of the same challenges. It is clear that private rhino owners have played a 
significant role in increasing population sizes, but their wider conservation role is 
generally unknown beyond the industry. Private rhino owners should engage with 
NGOs and local communities to improve poor perceptions of their conservation role. 
Whilst increased collaboration with local communities in particular may have 
associated risks, potential exists for increased employment and positive 
engagement. The potential for community ownership of rhinos in the form of ICDP or 
other CBNRM programmes should also be considered, with funding potentially from 
provincial or national government, or NGO partners. The potential for NGOs to 
engage with private rhino owners in PES schemes also exists and would assist in 
greater visibility of their wider role in conserving biodiversity. Greater integration with 
state-owned rhino populations could also assist in publicising the wider role of 
private rhino owners. Such integration and collaborations could assist with reducing 
the poaching challenges and associated economic pressures experienced by private 
rhino owners. 
Whilst poaching is a challenge across the country, it is not evenly dispersed. 
Poaching on private land generally is focused in areas with large privately-owned 
rhino populations and where poaching is high across all land ownership. However, 
different provinces show differences in their hotspots. For that reason, it is unlikely 
that a national strategy on private-land poaching would be effective. Given that most 
conservation regulations are implemented at provincial level, the opportunity exists 
for provinces to develop strategies to tackle poaching in ways which would be most 
effective in their particular area. There are few socio-economic factors linked to 
poaching across the country, but within KwaZulu-Natal there are strong associations 
with unemployment and lack of formal education. The potential opportunities for local 
community engagement in rhino conservation discussed above could serve to 
mitigate some of these factors within this province. 
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At a broader level, it would clearly be valuable for clearer information to be available 
regarding the official definition of poaching utilised by the DEA. The lack of clarity 
makes it very difficult to assess the potential future scale of the poaching crisis. The 
inclusion of information regarding lost pregnancies and collateral calf deaths would 
also be useful in assessing the future of rhino populations. It is also essential that 
there is clarification on the size of the rhino population within Kruger National Park. 
With official estimates varying so far from what has been calculated using population 
demographics, it is possible that the population is substantially smaller than is 
currently thought. If this is the case, then the risk to rhino populations in South Africa 
may be very much higher than is currently understood. In that situation, private rhino 
owners would have an even more valuable role to play in the conservation of large 
numbers of these animals. 
In light of that potential, the risk of disinvestment by private rhino owners is 
especially concerning. Improved support for private rhino owners may be necessary 
to prevent such disinvestment. Whilst there are calls to legalise international trade in 
horn to generate income and help reduce the risk of disinvestment, there are many 
arguments both in favour and against the possibility of international trade in rhino 
horn. Any considerations around future developments in horn trade would benefit 
from greater collaboration and improved communication between all stakeholders, to 
ensure that any changes in regulations would meet the concerns of all parties. If 
trade is not permitted, then alternative means of supporting private rhino owners to 
prevent disinvestment and allow their continued conservation activities must be 
considered. 
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Appendix I: Qualtrics questionnaire distributed to private rhino 
owners 
 
Rhino poaching on private land 
This research is being conducted in order to identify trends in the poaching of rhino 
on private land in South Africa. Your contribution, regardless of whether you have 
experienced rhino poaching on your property or not, is invaluable. Please answer as 
many questions as you can. You are not required to provide any personal 
information which could directly identify either you or your property. If you do wish to 
provide a contact name and/or email address that information will be removed from 
the rest of your answers to ensure your answers cannot be linked to your property. 
By completing this questionnaire you consent to your answers being used in this 
research.  
 
 Municipality and/or district where your property is located 
________________________________________________________________ 
 
What is the size of your property? 
________________________________________________________________ 
 
What habitat types are found on your property? 
________________________________________________________________ 
 
What type of fencing does your property have? 
________________________________________________________________ 
 
 Monthly income of property 
________________________________________________________________ 
 
Monthly security expenditure - excluding specific anti-rhino poaching expenditure 
________________________________________________________________ 
 
 Monthly anti-rhino poaching expenditure (over and above normal security 
expenditure) 
________________________________________________________________ 
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 Approximately how much has your security expenditure increased by over the last 
decade? 
o 0-24%  (1)  
o 25-49%  (2)  
o 50-99%  (3)  
o 100-199%  (4)  
o Over 200%  (5)  
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Which anti-poaching methods are/have been employed on your property? Select all 
that apply. For each, please also specify what years they were in place - e.g. 2005-
2008, 2009-ongoing etc. 
▢ Staff anti-poaching patrols  (1) ________________________________ 
▢ Volunteer anti-poaching patrols  (2) ____________________________ 
▢ Trained APU  (3) __________________________________________ 
▢ Anti-poaching dogs  (4)______________________________________ 
▢ Security cameras  (5) _______________________________________ 
▢ Security alarms  (6) ________________________________________ 
▢ Unstaffed watch towers  (7) __________________________________ 
▢ Staffed watch towers  (8) ____________________________________ 
▢ Drones  (9) _______________________________________________ 
▢ Dehorning of rhino  (10) _____________________________________ 
▢ Other - please specify  (11) __________________________________ 
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For each method of anti-poaching you currently employ, please indicate how much 
time per month (in person-days) is invested, or the average cost per month 
▢ Staff anti-poaching patrols  (1) ________________________________ 
▢ Volunteer anti-poaching patrols  (2)____________________________ 
▢ Trained APU  (3) __________________________________________ 
▢ Anti-poaching dogs  (4)______________________________________ 
▢ Security cameras  (5) _______________________________________ 
▢ Security alarms  (6) ________________________________________ 
▢ Unstaffed watch towers  (7)__________________________________ 
▢ Staffed watch towers  (8) ____________________________________ 
▢ Drones  (9) _______________________________________________ 
▢ Dehorning of rhino  (10) _____________________________________ 
▢ Other - please specify  (11) __________________________________ 
 
 
Does your property have any of the following? Select all that apply. 
▢ Carnivores, excluding lions  (1)  
▢ Lions  (2)  
▢ Elephants  (3)  
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 Primary objective of property 
o Private recreation  (1)  
o Eco-tourism  (2)  
o Breeding  (3)  
o Hunting  (4)  
o Conservation  (5)  
o Other - please specify  (6)_________________________________________ 
 
Secondary objective of property (if applicable) 
o Private recreation  (1)  
o Eco-tourism  (2)  
o Breeding  (3)  
o Hunting  (4)  
o Conservation  (5)  
o Other - please specify  (6) _________________________________________ 
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 What surrounds your property? Select all that apply. 
▢ Roads  (1)  
▢ Domestic animal grazing  (2)  
▢ Squatters camp  (3)  
▢ Township  (4)  
▢ Other wildlife habitats  (5)  
▢ Other please specify  (6) ____________________________________ 
 
 What do you consider to be the biggest risk factors to the rhino on your property? 
________________________________________________________________ 
 
 Have you considered no longer keeping rhino on your property? If so, why? 
________________________________________________________________ 
 
 How often have you found evidence that rhino poachers have been on/near your 
property in the last 12 months? What evidence have you found of this? 
o Less than 3 times in 12 months  (1)  
o Between 3 and 6 times  (2)  
o Around once a month  (3)  
o Around once a week  (4)  
o More than once a week  (5) 
________________________________________________ 
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 How often have you found evidence that bush meat poachers have been on/near 
your property in the last 12 months? Please indicate what evidence you have found 
in of this in the box. 
o More than 3 times in 12 months  (1)  
o Less than 3 times in 12 months  (2)  
o Less than once a month  (3)  
o 2-3 times a month  (4)  
o Once a week  (5)  
o More than once a week  (6) 
________________________________________________ 
 
End of Block: Property Information 
 
 
 
 
Start of Block: Rhino 
 
 How frequently do you monitor your rhino population? 
o Daily  (1)  
o Weekly  (2)  
o Monthly  (3)  
o Quarterly  (4)  
o Annually  (5)  
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 How are your rhino monitored? 
________________________________________________________________ 
 
 What percentage of your rhino are individually identifiable (through ear notching for 
example)? 
________________________________________________________________ 
 
 What percentage of your rhino have horn and/or body transponders? 
________________________________________________________________ 
 
 What percentage of your rhino have had DNA samples taken and submitted to the 
RhoDIS System? 
________________________________________________________________ 
 
For what percentage of your rhino do you have detailed records of births (dates, 
mother, potential father) for the past five years? 
________________________________________________________________ 
 
 For what percentage of your rhino do you have detailed records of mortalities 
(dates, causes, time since death, how/who found carcass etc.) for the past five 
years? 
________________________________________________________________ 
 
 For what percentage of your rhino do you have detailed records of introductions & 
removals (age, sex, dates, rhino IDs, origins/ destinations, prices etc.) for the past 5 
years? 
________________________________________________________________ 
 
249 
 
How many white rhino do you have in the following groups? 
 If these are estimates, please state 
"approx." (1) 
Juvenile male (1)  
Juvenile female (2)  
Sub-adult male (3)  
Sub-adult female (4)  
Adult male (5)  
Adult female (6)  
 
How many black rhino do you have in the following groups? 
 If these are estimates, please state 
"approx." (1) 
Juvenile male (1)  
Juvenile female (2)  
Sub-adult male (3)  
Sub-adult female (4)  
Adult male (5)  
Adult female (6)  
 
End of Block: Rhino 
 
 
 
 
 
 
 
 
 
 
 
 
 
Start of Block: Poaching Incidents 
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Please enter details of all known rhino poaching incidents on your 
property 
Date 
of 
poachi
ng 
incide
nt (1) 
Speci
es - 
white 
or 
black 
rhino 
(2) 
Male 
or 
fema
le 
rhino
? (3) 
Approxi
mate age 
of 
poached 
animal 
(4) 
Result
? - 
killed 
and 
dehorn
ed/ 
killed 
not 
dehorn
ed/ 
dehorn
ed not 
killed 
(5) 
Where 
on 
propert
y? - 
perimet
er/ 
within 
3km of 
perimet
er/ 
core 
(6) 
If the 
rhino 
was 
poache
d near 
the 
perimet
er, 
what 
lies 
along 
that 
bounda
ry - 
road/ 
settlem
ent 
etc? (7) 
Metho
d of 
poachi
ng - 
gunsh
ot/ 
snare/ 
poison
/ 
dartin
g with 
sedati
ve/ 
other 
(pleas
e 
specif
y) (8) 
Pregna
nt or 
with 
depend
ent 
calf? If 
calf 
was 
also 
poache
d, 
please 
complet
e 
another 
entry 
for the 
calf. If 
not, 
what 
happen
ed to 
the 
calf? 
(9) 
Approxi
mate 
number 
of rhino 
on 
property 
at that 
time (10) 
Habit
at the 
poach
ed 
rhino 
was 
found 
in (11) 
Approxi
mate 
time of 
day 
poaching 
occurred 
(if 
known) 
(12) 
            
 
 
End of Block: Poaching Incidents 
Start of Block: Thank you 
 
 Thank you so much for completing this survey. 
 
 If you would be interested in receiving regular updates on the progress of this 
research and accessing the results, please provide an email address: 
________________________________________________________________ 
 
 If you would be interested in contributing further to this research, in the form of 
interviews and focus groups, please also provide a contact name: 
________________________________________________________________ 
 
End of Block: Thank you 
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Appendix II: Ethical review form for questionnaire 
 
Environment Department, University of York 
Research Ethics Approval Form 
1 Project Information (Everyone)  
a) Title of Project  
Rhino poaching on private farms in South Africa 
b) Name of Principal Investigator (PI) or Research Student and Supervisor 
Laura Chapman (PhD student) 
Piran White (Supervisor) 
c) Degree course (students) or SEI-Y or Env Dept (staff) 
PhD Environmental Science 
d) Names of Co-investigators (CIs) and their organisational affiliation  
N/A 
e) How many additional research staff will be gathering data for the project?  
Names and their organisational affiliation (if known)  
N/A 
f) Proposed project start date (At least four weeks in the future)  
March 2016 
g) Estimated project end date  
June 2021 
h) Who is funding the project?  
Self funded 
Has funding been confirmed? N/A 
 You may find the following codes of ethical practice and conduct relevant to your 
project:  
British Psychological Society code of conduct: 
http://www.bps.org.uk/the-society/code-of-conduct/code-ofconduct_home.cfm 
BCS Chartered Institute for IT Code of Conduct: 
http://www.bcs.org/server.php?show=nav.6030 
Society of Environmental Toxicology and Chemistry (SETAC) code of ethics 
 http://www.setac.org/?page=SETACEthics 
Guidelines for the Treatment of Animals in Behavioural Research and Teaching 
 http://asab.nottingham.ac.uk/ethics/guidelines.php  
   
2. Does this project need ethical approval?  
 
Yes No 
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If you answered Yes to any of these questions, please proceed to Section 3.  
 
If you answered No to all these questions:  
 
• You should type your name in the signature space in the Declaration in Section 16. 
Then email the form to the Ethics Committee for our records.  
• Students must ask their Project Supervisor to also type their name in the 
declaration. Students should not submit your form directly. The supervisor must 
check the application and submit it. 
 
3)  Does the project require Disclosure and Barring Service 
(DBS) previously known as Criminal Records Bureau 
checks?  
Yes No 
a) Does the project involve direct contact by any member of the 
research team with children or people under 18 years of age? 
 X 
b) Does the project involve direct contact by any member of the 
research team with adults who have learning difficulties? 
 X 
c) Does the project involve direct contact by any member of the 
research team with adults who are infirm or physically disabled? 
 X 
d) Does the project involve direct contact by any member of the 
research team with adults who are resident in social care or 
medical establishments? 
 X 
e) Does the project involve direct contact by any member of the 
research team with adults in the custody of the criminal justice 
system? 
 X 
a) Does the project involve collecting primary data from, or 
about, living human beings?  
X  
b) Does the project involve analysing primary or unpublished 
data from, or about, living human beings?  
X  
c) Does the project involve collecting or analysing primary or 
unpublished data about people who have recently died, other 
than data that are already in the public domain?  
 X 
d) Does the project involve collecting or analysing primary or 
unpublished data about or from organisations or agencies of any 
kind, other than data that are already in the public domain?  
X  
e) Does the project involve research with non-human animals 
(vertebrates or invertebrates)? 
 X 
f) Does the project place the participants or the researchers in a 
dangerous environment, risk of physical harm, psychological or 
emotional distress?  
 X 
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f) Has a Disclosure and Barring Service (DBS) check been 
stipulated as a condition of access to any source of data 
required for the project? 
 X 
 
If you answered Yes to any of these questions, please:  
Explain the nature of the contact required and the circumstances in which contact 
will be made during the project.  
If you require a DBS check, please contact the DBS or check their website for more 
details https://www.gov.uk/disclosure-barring-service-check/contact-disclosure-and-
barring-service 
 
4) Is this project liable to scrutiny by external ethical review 
arrangements? 
Yes No 
a) Has a favourable ethical opinion been given for this project 
by a social care research ethics committee, NHS, The Biology 
Dept Ethics Committee or by any other external research? 
 X 
b) Will this project be submitted for ethical approval to a social 
care committee or any other external research ethics 
 X 
 
If you answered No to both of these questions, please proceed to Section 5.  
If you answered Yes to either of these questions:  
• You should type your name in the signature space in the Declaration in Section 16.  
An email attachment sent from your University inbox will be assumed to have been 
signed electronically. Then email the form to the Ethics Committee for our records.  
 
• Students must ask their Project Supervisor to also type their name in the 
declaration, and they should send a copy to the Ethics Committee for checking and 
filing. Students – do not submit your form directly to us. Your supervisor must check 
the application and submit it. 
 
5) More detail about the project  
a) What are the aims and objectives of the project?  
This research aims to collect data regarding trends in rhino poaching on private 
farms. 
The data should: 
◼ Identify any trends in the properties that have experienced/no-experienced rhino 
poaching. 
◼ Identify the effectiveness of a variety of anti-poaching techniques 
◼ Provide the basis for a risk assessment for properties based on their location, stock 
and anti-poaching methods. 
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b) Briefly describe the principal methods, the sources of data or evidence to be used 
and the number and type of research participants/animals who will be recruited to 
the project.  
A Qualtrics questionnaire (attached) has been produced that will be emailed to as 
many private rhino owners as can be identified. Approximately 90 properties have 
been identified so far. The data will be combined with publicly accessible census 
data to investigate the socio-economic environment in which these properties 
operate.  
c) What research instrument(s), validated scales or methods will be used to collect 
data?  
Attached questionnaire. 
d) If you are using an external research instrument, validated scale or research 
method, please specify.  
Qualtrics online questionnaire 
e) If you are not using an externally validated scale or research method, please 
attach a copy of the research instrument you will use to collect data. For example, a 
measurement scale, questionnaire, interview schedule, observation protocol for 
ethnographic work or in the case of unstructured data collection a topic list. 
 
6 Confidentiality, security and retention of research data Yes No 
a) Are there any reasons why you cannot guarantee the full 
security and confidentiality of any personal or confidential data 
(including potentially sensitive data on animals) collected for the 
project?  
 X 
b) Is there a significant possibility that any of your participants, 
or people associated with them, or sites where endangered or 
otherwise sensitive species, could be directly or indirectly 
identified in the outputs from this project? 
 X 
c) Is there a significant possibility that confidential information 
could be traced back to a specific organisation or agency as a 
result of the way you write up the results of the project?  
 X 
d) Will any members of the project team retain any personal or 
confidential data at the end of the project, other than in fully 
anonymised form?   
 X 
If you answered No to all of these questions, please:  
• Explain how you will ensure the confidentiality and security of your research data, 
both during and after the project.  
6e) Participants will not be required to give the name of their property and will only 
give their name or contact information if they do not wish to do so. If they provide a 
name or contact email address (to participate in follow-up research), then that will 
be removed from the data and stored in a separate, password protected, file. All 
properties will be allocated a number and will only be identified by that throughout 
the research. Participants will be required to provide the municipality and/or district 
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of their property to allow for more detailed analysis to be conducted. However, this 
is not spatially detailed enough to allow a property to be identified. The main data 
set will be stored in a password protected file on my University computer, to be 
backed up on the University system.  
If you answered Yes to any of these questions, please:  
• Explain the reasons why it is essential to breach normal research protocol 
regarding confidentiality, security and retention of research data. 
6f) Write your explanation here 
 
7) Informed consent  Yes No 
a) Will all participants be fully informed why the project is being 
conducted and what their participation will involve, and will this 
information be given before the project begins?  
X  
b) Will every participant be asked to give written consent to 
participating in the project, before it begins?  
 X 
c) Will all participants be fully informed about what data will be 
collected, and what will be done with these data during and 
after the project?  
X  
d) Will explicit consent be sought for audio, video or 
photographic recording of participants?  
 N/A 
e) Will every participant understand what rights they have not to 
take part, and/or to withdraw themselves and their data from the 
project if they do take part?  
X  
f) Will every participant understand that they do not need to give 
you reasons for deciding not to take part or to withdraw 
themselves and their data from the project and that there will be 
no repercussions as a result?  
X  
g) If the project involves deceiving, or covert observation of, 
participants, will you debrief them at the earliest possible 
opportunity?  
 N/A 
 
If you answered Yes to all these questions, please:  
• Explain briefly how you will implement the informed consent scheme described in 
your answers.   
• Attach copies of your participant information sheet and consent form as evidence of 
your plans.  
7h) Write your explanation here 
 
If you answered No to any of these questions, please:  
• Explain why it is essential for the project to be conducted in a way that will not allow 
all participants the opportunity to exercise fully-informed consent.  
• Explain how you propose to address the ethical issues arising from the absence of  
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transparency.  
• Attach copies of your participant information sheet and consent form as evidence of 
your plans. 
7i) The questionnaire will be distributed by email with the link to the questionnaire. 
The beginning of the questionnaire (and the email) will include the following 
paragraph: 
This research is being conducted in order to identify trends in the poaching of rhino 
on private land in South Africa. Your contribution, regardless of whether you have 
experienced rhino poaching on your property or not, is invaluable. Please answer 
as many questions as you can. You are not required to provide any personal 
information which could directly identify either you or your property. If you do wish 
to provide a contact name and/or email address that information will be removed 
from the rest of your answers to ensure your answers cannot be linked to your 
property. By completing this questionnaire you consent to your answers being used 
in this research.  
 
8) Risk of harm  Yes No 
a) Is there any significant risk that your project may lead to 
physical harm to participants or researchers? 
 X 
b) Is there any significant risk that your project may lead to 
psychological or emotional distress to participants? 
 X 
c) Is there any significant risk that your project may lead harm 
to the reputation of participants, or their employers, or of any 
other persons or organisations? 
 X 
 
If you answered Yes to any of these questions, please:  
• Explain the nature of the risks involved, why it is necessary for the participants or  
researchers to be exposed to such risks.  
• Explain how you propose to assess, manage and mitigate any risks to participants 
or researchers.  
• Explain the arrangements by which you will ensure that participants understand 
and consent to these risks.  
• Explain the arrangements you will make to refer participants or researchers to 
sources of help, if they are seriously distressed or harmed as a result of taking part 
in the project.  
• Explain the arrangements for recording and reporting any adverse consequences 
of the research. 
8d) Write your explanation here: 
 
9) Risk of disclosure of harm or potential harm   Yes No 
a) Is there a significant risk that the project will lead participants 
to disclose evidence of previous criminal offences, or their 
intention to commit criminal offences?  
 X 
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b) Is there a significant risk that the project will lead participants 
to disclose evidence that children or vulnerable adults are being 
harmed, or are at risk of harm?  
 X 
c) Is there any significant risk that your project may lead harm 
to the reputation of participants, or their employers, or of any 
other persons or organisations? 
 X 
d) Is there a significant risk that the project will lead participants 
to disclose evidence of serious risk of other types of harm?  
 X 
 
If you answered Yes to any of these questions, please:   
• Explain why it is necessary to take the risks of potential or actual disclosure.  
• Explain what actions you would take, if such disclosures were to occur.  
• Explain what advice you will take and from whom before taking these actions.  
• Explain what information you will give participants about the possible 
consequences of disclosing information about criminal or serious risk of harm 
9e) Write your explanation here: 
 
10) Payment of participants  Yes No 
a) Do you intend to offer participants cash payments or any 
other kind of inducements or compensation for taking part in 
your project?  
 X 
b) Is there any significant possibility that such inducements will 
cause participants to consent to risks that they might not 
otherwise find acceptable?  
 N/A 
c) Is there any significant possibility that the prospect of 
payment or other rewards will systematically skew the data 
provided by participants in any way?  
 N/A 
d) Will you inform participants that accepting compensation or 
inducements does not negate their right to withdraw from the 
project?  
 N/A 
If you answered Yes to any of these questions, please:   
• Explain the nature of the inducements or the amount of the payments that will be 
offered.  
• Explain the reasons why it is necessary to offer payments.  
• Explain why you consider it is ethically and methodologically acceptable to offer 
payments. 
 10e) Write your explanation here: 
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11) Capacity to give valid consent  Yes No 
a) Do you propose to recruit any participants who are under 18 
years of age?  
 X 
b) Do you propose to recruit any participants who have learning 
difficulties?  
 X 
c) Do you propose to recruit any participants with 
communication difficulties, including difficulties arising from 
limited facility with the English language?  
X  
d) Will you inform participants that accepting compensation or 
inducements does not negate their right to withdraw from the 
project?  
 N/A 
e) Do you propose to recruit any participants who are very 
elderly or infirm? 
 X 
f) Do you propose to recruit any participants with mental health 
problems or other medical problems that may impair their 
cognitive abilities? 
 X 
g) Do you propose to recruit any participants who may not be 
able to understand fully the nature of the research and the 
implications for them of participating in it?  
 X 
If you answered Yes to any of the questions, please:   
• Explain how you will ensure that the interests and wishes of participants are 
understood and taken in to account.  
• Explain how in the case of children the wishes of their parents or guardians are 
understood and taken into account.  
11h) Many of the people who completed this data collection are likely to speak 
Afrikaans as their first language. I have a rudimentary understanding of Afrikaans 
and am able to call upon many native speakers to help interpret any answers I 
cannot translate. English is a compulsory subject in South African schools and has 
been for many years, so there is no reason why any of the participants should not 
be able to read the questionnaire in English and answer in Afrikaans if they wish. 
 
12) Is participation genuinely voluntary?  Yes No 
a) Are you proposing to recruit participants who are employees 
or students of the University of York or of organisation(s) that 
are formal collaborators in the project?  
 X 
b) Are you proposing to recruit participants who are employees 
recruited through other business, voluntary or public sector 
organisations?  
 X 
c) Are you proposing to recruit participants who are pupils or 
students recruited through educational institutions? 
 X 
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d) Are you proposing to recruit participants who are clients 
recruited through voluntary or public services?  
 X 
e) Are you proposing to recruit participants who are living in 
residential communities or institutions?  
 X 
f) Are you proposing to recruit participants who are in-patients 
in a hospital or other medical establishment?  
 X 
g) Are you proposing to recruit participants who are recruited by 
virtue of their employment in the police or armed services?  
 X 
h) Are you proposing to recruit participants who are being 
detained or sanctioned in the criminal justice system?  
 X 
i) Are you proposing to recruit participants who may not feel 
empowered to refuse to participate in the research?  
 X 
If you answered Yes to any of these questions, please:  
• Explain how your participants will be recruited.  
• Explain what steps you will take to ensure that participation in this project is 
genuinely voluntary. 
12j) Write your explanation here: 
 
 
13) Online and Internet Research  Yes No 
a) Will any part of your project involve collecting data by means 
of electronic media, such as the Internet or e-mail?  
X  
b) Is there a significant possibility that the project will encourage 
children under 18 to access inappropriate websites, or 
correspond with people who pose risk of harm?  
 X 
c) Is there a significant possibility that the project will cause 
participants to become distressed or harmed, in ways that may 
not be apparent to the researcher(s)? 
 X 
d) Will the project incur any other risks that arise specifically 
from the use of electronic media?  
 X 
If you answered Yes to any of these questions, please:  
• Explain why you propose to use electronic media.  
• Explain how you propose to address the risks associated with online/internet 
research.  
• Ensure that your answers to the previous sections address any issues related to 
online research. 
13e) The link to the online Qualtrics questionnaire will be sent to participants by 
email. They can then follow the link and complete the questionnaire anonymously. 
Email is the most efficient way to contact as many potential participants as 
possible. As all of the potential participants have been identified through their 
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public websites, they all have access to the internet and so this means of data 
collection will not exclude any potential participants, 
 
14) Other ethical risks  Yes No 
a) Are there any other ethical issues or risks of harm raised by 
your project that have not been covered by previous questions? 
 X 
If you answered Yes to this question, please:  
• Explain the nature of these ethical issues and risks.  
• Explain why you need to incur these ethical issues and risks.  
• Explain how you propose to deal with these ethical issues and risks. 
14b) Write your explanation here: 
 
 
15) Research with non-human animals 
 
Yes No 
a) Will any part of your project involve the study of animals in 
their natural habitat?  
 X 
b) Will your project involve the recording of behaviour of animals 
in a non-natural setting that is outside of the control of the 
researcher?  
 X 
c) Will your field work involve any direct intervention other than 
recording the behaviour of the animals available for 
observation?  
 X 
d) Is the species you plan to research endangered, locally rare 
or part of sensitive ecosystem protected by legislation?  
 X 
e) Is there any significant possibility that the welfare of the target 
species or those sharing the local environment/habitat will be 
detrimentally affected?   
 X 
f) Is there any significant possibility that the habitat of the 
animals will be damaged by the project, such that their health 
and survival will be endangered? 
 X 
g) Will project work involve intervention work in a non-natural 
setting in relation to invertebrate species other than Octopus 
vulgaris?   
 X 
h) Will project work involve intervention work or handling non-
human vertebrates or Octopus vulgaris*?  If yes, then you 
might require a licence under the Animals Scientific 
Procedures Act (1986) – contact the Ethics Committee  
 X 
If you answered Yes to any of these questions, please:  
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• Explain the reasons for conducting the project in the way you propose, and the 
academic benefits that will flow from it.  
• Explain the nature of the risks to the animals and their habitat.  
• Explain how you propose to assess, manage and mitigate these risks. 
* The Animals Scientific Procedures Act (1986) was amended in 1993.  As a result 
the common  
octopus (Octopus vulgaris), as an invertebrate species, is now covered by the act. 
15i) Write your explanation here: 
 
 
16) Principal Investigator’s Declaration  
Please ensure that you:  
• Tick all the boxes below that are relevant to your project and type your name in the 
declaration below.   
• Students must get their Project Supervisor to countersign this declaration.  
I believe that this project does not require research ethics approval.   
I have completed Sections 1-2 and kept a copy for my own records.   X 
I realise I may be asked to provide a copy of this form at any time.  X 
 I request that this project is exempt from internal research ethics 
review because it will be, or has been, reviewed by an external 
Research Ethics Committee. 
 
I have completed Sections 1-4 and attach/will attach a copy of the 
favourable ethical review issued by the external Research Ethics 
Committee.  
Please give the name of the external Research Ethics Committee 
here: 
 
I request an ethics review and confirm that I have answered all 
relevant questions in this form honestly.  
X 
I confirm that I will carry out the project in the ways described in this 
form.  I will immediately suspend research and request a new ethical 
approval if the project subsequently changes the information I have 
given in this form.  
X 
I confirm that I, and all members of my research team (if any), have 
read and agree to abide by the University’s Code of practice and 
principles for good ethical governance 
X 
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Appendix III: Ethical review form for interviews 
 
Environment Department, University of York 
Research Ethics Approval Form 
  
1 Project Information (Everyone)  
a) Title of Project  
Rhino poaching on private farms in South Africa 
b) Name of Principal Investigator (PI) or Research Student and Supervisor 
Laura Chapman (PhD student) 
Piran White (Supervisor) 
c) Degree course (students) or SEI-Y or Env Dept (staff) 
PhD Environmental Science 
d) Names of Co-investigators (CIs) and their organisational affiliation  
N/A 
e) How many additional research staff will be gathering data for the project? One 
Names and their organisational affiliation (if known)  
Dirk Boshoff, Assistant General Manager at Ngamiland Adventure Safaris, 
Botswana – Dirk is a native Afrikaans speaker and will be helping with any 
required translations. 
f) Proposed project start date (At least four weeks in the future)  
20/07/16 
g) Estimated project end date  
June 2021 
h) Who is funding the project?  
Self-funded 
Has funding been confirmed? N/A 
 You may find the following codes of ethical practice and conduct relevant to your 
project:  
British Psychological Society code of conduct: 
http://www.bps.org.uk/the-society/code-of-conduct/code-ofconduct_home.cfm 
BCS Chartered Institute for IT Code of Conduct: 
http://www.bcs.org/server.php?show=nav.6030 
Society of Environmental Toxicology and Chemistry (SETAC) code of ethics 
 http://www.setac.org/?page=SETACEthics 
Guidelines for the Treatment of Animals in Behavioural Research and Teaching 
 http://asab.nottingham.ac.uk/ethics/guidelines.php  
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2. Does this project need ethical approval?  
 
Yes No 
a) Does the project involve collecting primary data from, or about, 
living human beings?  
X  
b) Does the project involve analysing primary or unpublished data 
from, or about, living human beings?  
X  
c) Does the project involve collecting or analysing primary or 
unpublished data about people who have recently died, other 
than data that are already in the public domain?  
 X 
d) Does the project involve collecting or analysing primary or 
unpublished data about or from organisations or agencies of any 
kind, other than data that are already in the public domain?  
X  
e) Does the project involve research with non-human animals 
(vertebrates or invertebrates)? 
 X 
f) Does the project place the participants or the researchers in a 
dangerous environment, risk of physical harm, psychological or 
emotional distress?  
 X 
If you answered Yes to any of these questions, please proceed to Section 3.  
 
If you answered No to all these questions:  
• You should type your name in the signature space in the Declaration in Section 16. 
Then email the form to the Ethics Committee for our records.  
• Students must ask their Project Supervisor to also type their name in the 
declaration. Students should not submit your form directly. The supervisor must 
check the application and submit it. 
 
3)  Does the project require Disclosure and Barring Service 
(DBS) previously known as Criminal Records Bureau 
checks?  
Yes No 
X 
a) Does the project involve direct contact by any member of the 
research team with children or people under 18 years of age? 
 X 
b) Does the project involve direct contact by any member of the 
research team with adults who have learning difficulties? 
 X 
c) Does the project involve direct contact by any member of the 
research team with adults who are infirm or physically disabled? 
 X 
d) Does the project involve direct contact by any member of the 
research team with adults who are resident in social care or 
medical establishments? 
 X 
e) Does the project involve direct contact by any member of the 
research team with adults in the custody of the criminal justice 
system? 
 X 
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f) Has a Disclosure and Barring Service (DBS) check been 
stipulated as a condition of access to any source of data 
required for the project? 
 X 
If you answered Yes to any of these questions, please:  
Explain the nature of the contact required and the circumstances in which contact 
will be made during the project.  
 
If you require a DBS check, please contact the DBS or check their website for more 
details https://www.gov.uk/disclosure-barring-service-check/contact-disclosure-and-
barring-service 
 
4) Is this project liable to scrutiny by external ethical review 
arrangements? 
Yes No 
X 
a) Has a favourable ethical opinion been given for this project 
by a social care research ethics committee, NHS, The Biology 
Dept Ethics Committee or by any other external research? 
 N/A 
b) Will this project be submitted for ethical approval to a social 
care committee or any other external research ethics 
 N/A 
If you answered No to both of these questions, please proceed to Section 5.  
If you answered Yes to either of these questions:  
• You should type your name in the signature space in the Declaration in Section 16.  
An email attachment sent from your University inbox will be assumed to have been 
signed electronically. Then email the form to the Ethics Committee for our records.  
 
• Students must ask their Project Supervisor to also type their name in the 
declaration, and they should send a copy to the Ethics Committee for checking and 
filing. Students – do not submit your form directly to us. Your supervisor must check 
the application and submit it. 
 
5) More detail about the project  
a) What are the aims and objectives of the project?  
Identify the factors that private owners consider to be most threatening to their 
rhino. 
Evaluate the future of private rhino ownership based on the opinions of private 
owners. 
b) Briefly describe the principal methods, the sources of data or evidence to be 
used and the number and type of research participants/animals who will be 
recruited to the project.  
Participants will take part in a semi-structured interview to discuss why they keep 
rhino and what they see as the future for private rhino ownership. These interviews 
will be combined with the answers that many rhino owners, have already provided 
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to the anonymous online questionnaire in order to build up a more detailed picture 
of private rhino ownership. All participants (of which there are seven confirmed so 
far and another seeking approval) have completed the online questionnaire and 
requested further involvement in this research. The participants represent a range 
of private rhino owners, from those keeping small numbers in bomas, to those with 
dozens of rhino living in wild reserves and others who breed hundreds/thousands. 
One participant does not currently keep rhino, but is currently in the process of 
developing a rhino tourism project and so offers a different perspective to those 
who already keep rhino, as will additional stakeholders TBC. 
c) What research instrument(s), validated scales or methods will be used to collect 
data?  
Semi-structured interviews – interview guide attached. 
d) If you are using an external research instrument, validated scale or research 
method, please specify.  
N/A 
e) If you are not using an externally validated scale or research method, please 
attach a copy of the research instrument you will use to collect data. For example, 
a measurement scale, questionnaire, interview schedule, observation protocol for 
ethnographic work or in the case of unstructured data collection a topic list. 
 
6 Confidentiality, security and retention of research data Yes No 
a) Are there any reasons why you cannot guarantee the full 
security and confidentiality of any personal or confidential data 
(including potentially sensitive data on animals) collected for the 
project?  
 X 
b) Is there a significant possibility that any of your participants, 
or people associated with them, or sites where endangered or 
otherwise sensitive species, could be directly or indirectly 
identified in the outputs from this project? 
 X 
c) Is there a significant possibility that confidential information 
could be traced back to a specific organisation or agency as a 
result of the way you write up the results of the project?  
 X 
d) Will any members of the project team retain any personal or 
confidential data at the end of the project, other than in fully 
anonymised form?   
 X 
If you answered No to all of these questions, please:  
• Explain how you will ensure the confidentiality and security of your research data, 
both during and after the project.  
6e) Interviews will be recorded onto a password protected recorder and later copied 
onto password protected files on a computer at the University of York. The 
recordings will be transcribed as soon as possible after the interviews, with the 
transcripts also being password protected. The recordings of the interviews and 
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transcripts will be kept until the completion of the research project in 2019. 
Participants may view the transcripts of their interview by contacting Laura 
Chapman by email. As quotes may be utilised in the writing up of this research, 
participants will be asked to provide a way in which they can be identified that 
protects their anonymity and that of their property e.g. “rhino breeder, Limpopo 
Province”. They do not need to provide this if they do not wish to and in that case 
will be simply referred to as “Anonymous rhino owner 1,2…”. 
If you answered Yes to any of these questions, please:  
• Explain the reasons why it is essential to breach normal research protocol 
regarding confidentiality, security and retention of research data. 
6f) Write your explanation here 
 
7) Informed consent  Yes No 
a) Will all participants be fully informed why the project is being 
conducted and what their participation will involve, and will this 
information be given before the project begins?  
X  
b) Will every participant be asked to give written consent to 
participating in the project, before it begins?  
X  
c) Will all participants be fully informed about what data will be 
collected, and what will be done with these data during and 
after the project?  
X  
d) Will explicit consent be sought for audio, video or 
photographic recording of participants?  
X  
e) Will every participant understand what rights they have not to 
take part, and/or to withdraw themselves and their data from the 
project if they do take part?  
X  
f) Will every participant understand that they do not need to give 
you reasons for deciding not to take part or to withdraw 
themselves and their data from the project and that there will be 
no repercussions as a result?  
X  
g) If the project involves deceiving, or covert observation of, 
participants, will you debrief them at the earliest possible 
opportunity?  
 N/A 
If you answered Yes to all these questions, please:  
• Explain briefly how you will implement the informed consent scheme described in 
your answers.   
• Attach copies of your participant information sheet and consent form as evidence of 
your plans.  
7h) Full participant information guide has been produced (attached) as has a 
consent form (also attached). The guide is available in both English and Afrikaans. 
If you answered No to any of these questions, please:  
267 
 
 
• Explain why it is essential for the project to be conducted in a way that will not allow 
all participants the opportunity to exercise fully-informed consent.  
• Explain how you propose to address the ethical issues arising from the absence of  
transparency.  
• Attach copies of your participant information sheet and consent form as evidence of 
your plans. 
7i) Write your explanation here 
 
 
 
8) Risk of harm  Yes No 
a) Is there any significant risk that your project may lead to 
physical harm to participants or researchers? 
 X 
b) Is there any significant risk that your project may lead to 
psychological or emotional distress to participants? 
 X 
c) Is there any significant risk that your project may lead harm 
to the reputation of participants, or their employers, or of any 
other persons or organisations? 
 X 
If you answered Yes to any of these questions, please:  
• Explain the nature of the risks involved, why it is necessary for the participants or  
researchers to be exposed to such risks.  
• Explain how you propose to assess, manage and mitigate any risks to participants 
or researchers.  
• Explain the arrangements by which you will ensure that participants understand 
and consent to these risks.  
• Explain the arrangements you will make to refer participants or researchers to 
sources of help, if they are seriously distressed or harmed as a result of taking part 
in the project.  
• Explain the arrangements for recording and reporting any adverse consequences 
of the research. 
8d) Write your explanation here: 
 
9) Risk of disclosure of harm or potential harm   Yes No 
a) Is there a significant risk that the project will lead participants 
to disclose evidence of previous criminal offences, or their 
intention to commit criminal offences?  
 X 
b) Is there a significant risk that the project will lead participants 
to disclose evidence that children or vulnerable adults are being 
harmed, or are at risk of harm?  
 X 
c) Is there any significant risk that your project may lead harm 
to the reputation of participants, or their employers, or of any 
other persons or organisations? 
 X 
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d) Is there a significant risk that the project will lead participants 
to disclose evidence of serious risk of other types of harm?  
 X 
If you answered Yes to any of these questions, please:   
• Explain why it is necessary to take the risks of potential or actual disclosure.  
• Explain what actions you would take, if such disclosures were to occur.  
• Explain what advice you will take and from whom before taking these actions.  
• Explain what information you will give participants about the possible 
consequences of disclosing information about criminal or serious risk of harm 
9e) Write your explanation here: 
 
10) Payment of participants  Yes No 
a) Do you intend to offer participants cash payments or any 
other kind of inducements or compensation for taking part in 
your project?  
 X 
b) Is there any significant possibility that such inducements will 
cause participants to consent to risks that they might not 
otherwise find acceptable?  
 N/A 
c) Is there any significant possibility that the prospect of 
payment or other rewards will systematically skew the data 
provided by participants in any way?  
 N/A 
d) Will you inform participants that accepting compensation or 
inducements does not negate their right to withdraw from the 
project?  
 N/A 
If you answered Yes to any of these questions, please:   
• Explain the nature of the inducements or the amount of the payments that will be 
offered.  
• Explain the reasons why it is necessary to offer payments.  
• Explain why you consider it is ethically and methodologically acceptable to offer 
payments. 
10e) Write your explanation here: 
   
11) Capacity to give valid consent  Yes No 
a) Do you propose to recruit any participants who are under 18 
years of age?  
 X 
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b) Do you propose to recruit any participants who have learning 
difficulties?  
 X 
c) Do you propose to recruit any participants with 
communication difficulties, including difficulties arising from 
limited facility with the English language?  
X  
d) Will you inform participants that accepting compensation or 
inducements does not negate their right to withdraw from the 
project?  
 N/A 
e) Do you propose to recruit any participants who are very 
elderly or infirm? 
 X 
f) Do you propose to recruit any participants with mental health 
problems or other medical problems that may impair their 
cognitive abilities? 
 X 
g) Do you propose to recruit any participants who may not be 
able to understand fully the nature of the research and the 
implications for them of participating in it?  
 X 
If you answered Yes to any of the questions, please:   
• Explain how you will ensure that the interests and wishes of participants are 
understood and taken in to account.  
• Explain how in the case of children the wishes of their parents or guardians are 
understood and taken into account.  
11h) Write your explanation here 
Whilst all of the participants can speak English, for several it is not their native 
language. For that reason, the participant information guide and consent form 
have been translated into Afrikaans. A native Afrikaans speaker will also assist 
with the interviews if required and agreed by the participant. 
 
   
12) Is participation genuinely voluntary?  Yes No 
a) Are you proposing to recruit participants who are employees 
or students of the University of York or of organisation(s) that 
are formal collaborators in the project?  
 X 
b) Are you proposing to recruit participants who are employees 
recruited through other business, voluntary or public sector 
organisations?  
 X 
c) Are you proposing to recruit participants who are pupils or 
students recruited through educational institutions? 
 X 
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d) Are you proposing to recruit participants who are clients 
recruited through voluntary or public services?  
 X 
e) Are you proposing to recruit participants who are living in 
residential communities or institutions?  
 X 
f) Are you proposing to recruit participants who are in-patients 
in a hospital or other medical establishment?  
 X 
g) Are you proposing to recruit participants who are recruited by 
virtue of their employment in the police or armed services?  
 X 
h) Are you proposing to recruit participants who are being 
detained or sanctioned in the criminal justice system?  
 X 
i) Are you proposing to recruit participants who may not feel 
empowered to refuse to participate in the research?  
 X 
 
If you answered Yes to any of these questions, please:  
• Explain how your participants will be recruited.  
• Explain what steps you will take to ensure that participation in this project is 
genuinely voluntary. 
12j) Write your explanation here: 
 
 
13) Online and Internet Research  Yes No 
a) Will any part of your project involve collecting data by means 
of electronic media, such as the Internet or e-mail?  
 X 
b) Is there a significant possibility that the project will encourage 
children under 18 to access inappropriate websites, or 
correspond with people who pose risk of harm?  
 X 
c) Is there a significant possibility that the project will cause 
participants to become distressed or harmed, in ways that may 
not be apparent to the researcher(s)? 
 X 
d) Will the project incur any other risks that arise specifically 
from the use of electronic media?  
 X 
If you answered Yes to any of these questions, please:  
• Explain why you propose to use electronic media.  
• Explain how you propose to address the risks associated with online/internet 
research.  
• Ensure that your answers to the previous sections address any issues related to 
online research. 
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13e) Write your explanation here 
 
14) Other ethical risks  Yes No 
a) Are there any other ethical issues or risks of harm raised by 
your project that have not been covered by previous questions? 
 X 
If you answered Yes to this question, please:  
• Explain the nature of these ethical issues and risks.  
• Explain why you need to incur these ethical issues and risks.  
• Explain how you propose to deal with these ethical issues and risks. 
14b) Write your explanation here: 
 
 
15) Research with non-human animals 
 
Yes No 
a) Will any part of your project involve the study of animals in 
their natural habitat?  
 X 
b) Will your project involve the recording of behaviour of animals 
in a non-natural setting that is outside of the control of the 
researcher?  
 X 
c) Will your field work involve any direct intervention other than 
recording the behaviour of the animals available for 
observation?  
 X 
d) Is the species you plan to research endangered, locally rare 
or part of sensitive ecosystem protected by legislation?  
 X 
e) Is there any significant possibility that the welfare of the target 
species or those sharing the local environment/habitat will be 
detrimentally affected?   
 X 
f) Is there any significant possibility that the habitat of the 
animals will be damaged by the project, such that their health 
and survival will be endangered? 
 X 
g) Will project work involve intervention work in a non-natural 
setting in relation to invertebrate species other than Octopus 
vulgaris?   
 X 
h) Will project work involve intervention work or handling non-
human vertebrates or Octopus vulgaris*?  If yes, then you 
might require a licence under the Animals Scientific 
Procedures Act (1986) – contact the Ethics Committee  
 X 
If you answered Yes to any of these questions, please:  
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• Explain the reasons for conducting the project in the way you propose, and the 
academic benefits that will flow from it.  
• Explain the nature of the risks to the animals and their habitat.  
• Explain how you propose to assess, manage and mitigate these risks. 
* The Animals Scientific Procedures Act (1986) was amended in 1993.  As a result 
the common octopus (Octopus vulgaris), as an invertebrate species, is now covered 
by the act. 
15i) Write your explanation here: 
 
 
16) Principal Investigator’s Declaration  
Please ensure that you:  
• Tick all the boxes below that are relevant to your project and type your name in the 
declaration below.   
• Students must get their Project Supervisor to countersign this declaration.  
I believe that this project does not require research ethics approval.   
I have completed Sections 1-2 and kept a copy for my own records.   X 
I realise I may be asked to provide a copy of this form at any time.  X 
 I request that this project is exempt from internal research ethics 
review because it will be, or has been, reviewed by an external 
Research Ethics Committee. 
 
I have completed Sections 1-4 and attach/will attach a copy of the 
favourable ethical review issued by the external Research Ethics 
Committee.  
Please give the name of the external Research Ethics Committee here: 
 
 
I request an ethics review and confirm that I have answered all relevant 
questions in this form honestly.  
X 
I confirm that I will carry out the project in the ways described in this 
form.  I will immediately suspend research and request a new ethical 
approval if the project subsequently changes the information I have 
given in this form.  
X 
I confirm that I, and all members of my research team (if any), have 
read and agree to abide by the University’s Code of practice and 
principles for good ethical governance 
X 
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Appendix IV: Example (rhino owners) participant information sheet 
and consent form (English and Afrikaans) 
 
PARTICIPANT INFORMATION SHEET  
Section A: The Research Project 
1. Title of project:  
Private rhino ownership 
2. Brief summary of research. 
This research consists of interviews with participants who have indicated a 
willingness to be further involved in this research having initially completed an 
online questionnaire for a previous section of the research project. The 
interviews will focus on private rhino ownership and the issues faced by 
private rhino owners, now and in the future. 
3. This research forms part of a doctoral project being undertaken by Laura 
Chapman at the University of York, under the supervision of Professor Piran 
White. 
 
Section B: Your Participation in the Research Project 
1. What will I be asked to do? 
You will be asked to participate in a semi-structured interview to discuss why 
you keep rhino and what you see as the future for private rhino ownership. 
These interviews will be combined with the answers that many rhino owners, 
including yourself, have already provided to the anonymous online 
questionnaire in order to build up a more detailed picture of private rhino 
ownership. It is intended to follow up these interviews in 2017 and 2018 to 
allow for potential policy changes to be followed. You can opt to withdraw 
from this research at any time, without having to provide a reason, and 
participation in this interview does not necessitate participation in further 
interviews. As the online questionnaires have already been anonymised, the 
information provided in these interviews cannot be connected to the answers 
you have provided in the questionnaire. A native Afrikaans speaker (Dirk 
Boshoff, Assistant General Manager at Ngamiland Adventure Safaris, 
Botswana) will be available during the interviews, but you may request for him 
to leave if you prefer. 
2. Will my participation in the study be kept confidential? 
Interviews will be recorded onto a password protected recorder and later 
copied onto password protected files on a computer at the University of York. 
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The recordings will be transcribed as soon as possible after the interviews, 
with the transcripts also being password protected. The recordings of the 
interviews and transcripts will be kept until the completion of the research 
project in 2019. You may view the transcripts of your interview by contacting 
Laura Chapman by email. 
 
3. Use of quotes 
As quotes may be utilised in the writing up of this research, you are asked to 
provide a way in which you can be identified that protects your anonymity and 
that of your property e.g. “rhino breeder, Limpopo Province”. You will be 
asked to provide this on the participant consent form. You do not need to 
provide this if you do not wish to and in that case will be simply referred to as 
“Anonymous rhino owner 1,2…”. You may also request that direct quotes are 
not utilised if you wish. 
 
4. Summary of research findings 
You will be provided with a copy of the final report via email. You will also be 
emailed individually with all of the information that relates specifically to your 
property. You will be able to request editing of any information that you feel 
may identify you or your property. 
 
 
NAME OF PARTICIPANT: 
Title of the Project: Private rhino ownership 
Researcher contact details: Laura Chapman    
     lac552@york.ac.uk                      
1. I agree to take part in the above research. I have read the Participant 
Information Sheet for the study. I understand what my role will be in this 
research, and all my questions have been answered to my satisfaction. 
 
2. I understand that I am free to withdraw from the research at any time, without 
giving a reason. 
 
3. I am free to ask questions at any time before and during the study. 
 
4. I understand what will happen to the data collected from me for the research. 
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5. I have been provided with a copy of the Participant Information Sheet. 
 
6. Please delete as appropriate: 
I understand that quotes from me will be used in the dissemination of 
the research, but will not be attributed to me directly.  
All references to me should be attributed to ……………………………. 
OR 
I do not give permission for direct quotes to be utilised 
 
7. I understand that the interview will be recorded. 
Data protection: I agree to Laura Chapman processing personal data which I 
have supplied. I agree to the processing of such data for any purposes connected 
with the research as outlined to me. 
Name of participant (print) ……………………………………………………………… 
Signed:………………………………….  Date: ………………………………………… 
 
I WISH TO WITHDRAW FROM THIS STUDY 
If you wish to withdraw from the research, please speak to Laura Chapman in 
person, or email at lac552@york.ac.uk. 
You do not have to give a reason for why you would like to withdraw. 
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DEELNEMER INLIGTINGSBLAD 
Afdeling A: Die Navorsingsprojek 
1. Titel van projek: 
Privaat renostereienaarskap 
2. Kort opsomming van navorsing. 
Hierdie navorsing  bevat onderhoude met deelnemers wat 'n bereidwilligheid 
aangedui het om verder betrokke te raak by hierdie navorsing deur  aanvanklik 'n 
aanlynvraelys oor 'n vorige afdeling van die navorsingsprojek voltooihet . Die 
onderhoude sal fokus op privaat renostereienaarskap en die kwessies waarmee die 
privaat renostereienaars te doen kry, nou en in die toekoms. 
3. Hierdie navorsing maak deel uit van 'n doktorale projek deur Laura Chapman 
onderneem aan die Universiteit van York, onder die toesig van Professer  Piran 
White. 
Afdeling B: U deelname aan die navorsingsprojek 
1. Wat sal ek gevra word om te doen? 
Jy sal gevra word om deel te neem aan 'n halfgestruktureerde onderhoud om te 
bespreek waarom jy renosters aanhou en wat jy sien as die toekoms vir privaat 
renostereienaarskap. Hierdie onderhoude sal gekombineer word met die antwoorde 
wat baie renostereienaars, insluitend jouself, reeds tot die anonieme aanlyn vraelys 
verskaf het ten einde 'n meer volledige  prentjie van private renostereienaarskap op 
te bou. Die voorneme is om hierdie onderhoude op te volg in 2017 en 2018 om toe 
te laat vir  moontlike beleidsveranderinge kan volg.. Jy kan  ter enige tyd onttrek van 
hierdie navorsing sonder om 'n rede te verskaf, en deelname aan hierdie onderhoud 
vereis nie deelname aan verdere onderhoude nie. Aangesien die  aanlyn vraelyste 
reeds anoniem is ,  sal die inligting uit  hierdie onderhoude nie gekoppel word aan 
die antwoorde wat u verskaf in die vraelys nie. ' ’n Afrikaanssprekende (Dirk Boshoff, 
Assistent Hoofbestuurder by Ngamiland Adventure Safaris, Botswana) sal 
gedurende die onderhoude teenwoordig  wees, maar  hy kan verskoon word indien u 
dit sou verkies.. 
2. Sal my deelname aan die studie vertroulik gehou word? 
Onderhoude sal op 'n wagwoord beskermde klank opneemer aangeteken en later 
gekopieer na wagwoord beskermde lêers op 'n rekenaar by die Universiteit van York. 
Die opnames sal so gou as moontlik getranskribeer word na die onderhoude met die 
transkripsies ook wagwoord beskerm. Die opnames van die onderhoude en 
transkripsies sal gehou word tot met die voltooiing van die navorsingsprojek in 2019. 
Jy kan die transkripsies van die onderhoud verkry  deur met kontak te maak met 
Laura Chapman per e-pos. 
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3. Gebruik van aanhalings 
Aangesien aanhalings gebruik kan word in die aantekeninge van hierdie navorsing, 
word jy gevra om 'n wyse te voorsien  waarop jy uitgeken kan word sodat jou 
identiteit  beskerm bly asook dié van jou eiendom bv "Renosterteler, Limpopo 
Province". Jy sal gevra word om hierdie te verskaf op die deelnemer 
toestemmingsvorm. Jy hoef dit  nie te voorsien as jy nie wil nie en in daardie geval 
sal eenvoudig verwys word na  "Anoniem renostereienaar 1,2 ...". U kan ook versoek 
dat direkte aanhalings nie gebruik word nie as u wil. 
 
4. Opsomming van navorsingsbevindings 
Jy sal voorsien word van 'n afskrif van die finale verslag via e-pos. Jy sal ook 
persoonlik per e-pos voorsien word van al die inligting wat spesifiek betrekking het 
op jou eiendom. Jy sal ook kan versoek om redigering van enige inligting wat jy voel 
jou eiendom kan. 
 
 
NAAM VAN DEELNEMER: 
Titel van die projek: Privaat renoster eienaarskap 
Kontakbesonderhede van  navorser: Laura Chapman 
lac552@york.ac.uk 
1. Ek stem saam om deel te neem in die bogenoemde navorsing. Ek het die 
deelnemer Inligtingsblad vir die studie gelees. Ek verstaan wat my rol sal wees in 
hierdie navorsing en al my vrae is beantwoord na my sin. 
 
2. Ek verstaan dat ek vry is om te onttrek van die navorsing op enige tyd, sonder om 
'n rede te verskaf. 
 
3. Ek is vry om vrae te vra op enige tyd voor en tydens die studie. 
 
4. Ek verstaan wat met die data wat van my verkry is vir die navorsing, sal gebeur.  
 
5. Ek is voorsien van 'n afskrif van die deelnemerinligtingsblad. 
 
6. Ek verstaan dat aanhalings van my sal gebruik word in die verspreiding van die 
navorsing, maar sal nie direk toegeskryf word aan my nie. 
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Alle verwysings na my moet toegeskryf word aan ........................................... 
OF 
Ek gee nie toestemming vir direkte aanhalings om gebruik te word nie. 
 
7. Ek verstaan dat die onderhoud sal opgeneem word. 
Die beskerming van data: Ek gee toestemming aan Laura Chapman vir die 
verwerking van die persoonlike data wat ek verskaf het. Ek stem saam met die 
verwerking van die data vir enige doeleindes wat verband hou met die navorsing 
soos uiteengesit vir my. 
Naam van deelnemer (drukskrif) ........................................................................ 
Onderteken deur: ........................................ Datum: ................................................ 
 
Ek wil onttrek uit hierdie studie 
As jy wil om te onttrek van die navorsing, praat asseblief met Laura Chapman 
persoonlik, of e-pos by lac552@york.ac.uk. 
Jy hoef nie ‘n rede te verskaf waarom jy wil onttrek van die studie nie. 
 
 
